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PTH Functional Domain Conjugate Peptides, Derivatives 
Thereof and Novel Tethered Ligand-Receptor Molecules 



This application claims the benefit of the filing date of U.S. Provisional 
Application60/114,577filedDecember31, 1998. The contents of that application 
are incorporated herein by reference. 

Statement as to Rights to Inventions Made Under 
Federally-Sponsored Research and Development 

Part of the work performed during development of this invention utilized 
U. S . Government funds. The U. S . Government has certain rights in this invention. 

Background of the Invention 

Field of the Invention 

The present invention is related to the fields of molecular biology, 
developmental biology, physiology, neurobiology, endocrinology and medicine. 

Description of Related Art 

Parathyroid hormone (PTH) is a major regulator of calcium homeostasis 
whose principal target cells occur in bone and kidney. Regulation of calcium 
concentration is necessary for the normal function of the gastrointestinal, skeletal, 
neurologic, neuromuscular, and cardiovascular systems. PTH synthesis and 
release are controlled principally by the serum calcium level; a low level stimulates 
and a high level suppresses both hormone synthesis and release. PTH, in turn, 
maintains the serum calcium level by directly or indirectly promoting calcium entry 
into the blood at three sites of calcium exchange: gut, bone, and kidney. PTH 
contributes to net gastrointestinal absorption of calcium by favoring the renal 
synthesis of the active form of vitamin D. PTH promotes calcium resorption from 
bone indirectly by stimulating differentiation of the bone-resorbing cells, 
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osteoclasts. It also mediates at least three main effects on the kidney: stimulation 
of tubular calcium reabsorption, enhancement of phosphate clearance, and 
promotion of an increase in the enzyme that completes synthesis of the active form 
of vitamin D. PTH exerts these effects primarily through receptor-mediated 

5 activation of adenylate cyclase and phospholipase C. 

Disruption of calcium homeostasis may produce many clinical disorders 
{e.g., severe bone disease, anemia, renal impairment, ulcers, myopathy, and 
neuropathy) and usually results from conditions that produce an alteration in the 
level of parathyroid hormone. Hypercalcemia is a condition that is characterized 

0 by an elevation in the serum calcium level It is often associated with primary 

hyperparathyroidism in which an excess of PTH production occurs as a result of 
a lesion (e.g., adenoma, hyperplasia, or carcinoma) of the parathyroid glands. 
Another type of hypercalcemia, humoral hypercalcemia of malignancy (HHM) is 
the most common paraneoplastic syndrome. It appears to result in most instances 

5 from the production by tumors (e.g., squamous, renal, ovarian, or bladder 

carcinomas) of a class of protein hormone which shares amino acid homology 
with PTH. These PTH-related proteins (PTHrP) appear to mimic certain of the 
renal and skeletal actions of PTH and are believed to interact with the PTH 
receptor in these tissues. PTHrP is normally found at low levels in many tissues, 

0 including keratinocytes, brain, pituitary, parathyroid, adrenal cortex, medulla, fetal 

liver, osteoblast-like cells, and lactating mammary tissues. In many HHM 
malignancies, PTHrP is found in the circulatory system at high levels, thereby 
producing the elevated calcium levels associated with HHM. 

The pharmacological profiles of PTH and PTHrP are nearly identical in 

5 most in vitro assay systems, and elevated blood levels of PTH (i.e., primary 

hyperparathyroidism) or PTHrP (i.e., HHM) have comparable effects on mineral 
ion homeostasis (Broadus, A.E. & Stewart, A.F., "Parathyroid hormone-related 
protein: Structure, processing and physiological actions," in Basic and Clinical 
Concepts, Bilzikian, IP. et al, eds., Raven Press, New York (1994), pp. 259-294; 

) Kronenberg, H.M. et al, "Parathyroid hormone: Biosynthesis, secretion, 



chemistry and action, " inHandbook of Experimental Pharmacology, Mundy, G.R. 
& Martin, T.J., eds., Springer-Verlag, Heidelberg (1993), pp. 185-201). The 
similarities in the biological activities of the two ligands can be explained by their 
interaction with a common receptor, the PTH/PTHrP receptor, which is expressed 
abundantly in bone and kidney (Urena, P. et al, Endocrinology 734:451-456 
(1994)). 

Native human parathyroid hormone is an unmodified polypeptide of 84 
amino acids. It is secreted from the parathyroid glands in response to low blood 
calcium levels and acts on osteoblast (bone-building cells) in bone, and on tubular 
epithelial cells of kidney. The hormone interacts with a cell surface receptor 
molecule, called the PTH- 1 receptor or PTH/PTHrP receptor, which is expressed 
by both osteoblast and renal tubular cells. PTHrP, the major cause of the humoral 
hypercalcemia of malignancy, also has normal functions that include roles in 
development. PTHrP has 141 amino acids, though variants also occur that result 
from alternative gene splicing mechanisms. PTHrP plays a key role in the 
formation of the skeleton through a process that also involves binding to the 
PTH-1 receptor (Karaplis, A.C., et aL, Genes and Dev. 5:277-289 (1994) and 
Lanske, B., etal, Science 273:663-666 (1996)). 

The PTH-1 receptor is homologous in primary structure to a number of 
other receptors that bind peptide hormones, such as secretin (Ishihara, T. et aL, 
EMBOJ 70:1635-1641 (1991)), calcitonin (Lin, H.Y. etal y Science 254:1022- 
1024 (1991)) and glucagon (Jelinek, LJ. etal y Science 25P:1614-1616 (1993)); 
together these receptors form a distinct family called receptor family B 
(Kolakowski, L.F., Receptors and Channels 2: 1 -7 (1 994)). Within this family, the 
PTH-1 receptor is unique, in that it binds two peptide ligands and thereby 
regulates two separate biological processes. A recently identified PTH receptor 
subtype, called the PTH-2 receptor, binds PTH but not PTHrP (Usdin, T., et aL, 
J.Biol Chem. 270:15455-15458 (1995)). This observation implied that structural 
differences in the PTH and PTHrP ligands determined selectivity for interaction 
with the PTH-2 receptor. The PTH-2 receptor has been detected by RNA 
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methods in the brain, pancreas and vasculature, however, its biological function 
has not been determined (Usdin, T., et al, J. Biol Chem. 270:15455-15458 
(1995)). It is hypothesized that the family B receptors use a common molecular 
mechanism to engage their own cognate peptide hormone (Bergwitz, C, et al, 

5 J. Biol Chem, 277:26469-26472 (1996)). 

The binding of either radiolabeled PTH( 1 -3 4) or PTHrP( 1 -3 6) to the PTH- 
1 receptor is competitively inhibited by either unlabeled ligand (Jiippner, H. et al, 
J. Biol Chem, 255:8557-8560 (1988); Nissenson, R.A. et al, J. Biol Chem. 
263: 12866-12871 (1988)). Thus, the recognition sites for the two ligands in the 

0 PTH-1 receptor probably overlap. In both PTH and PTHrP, the 15-34 region 

contains the principal determinants for binding to the PTH-1 receptor. Although 
these regions show only minimal sequence homology (only 3 amino acid 
identities), each 15-34 peptide can block the binding of either PTH(l-34) or 
PTHrP(l-34) to the PTH-1 receptor (Nussbaum, S.R. et al } J. Biol Chem. 

5 255:10183-10187 (1980); Caulfield, M.P. et al, Endocrinology 727:83-87 

(1990); Abou-Samra, A.-B. et al, Endocrinology 725:2215-2217 (1989)). 
Further, the amino terminal portion of each ligand is required for bioactivity, and 
these probably interact with the PTH-1 receptor in similar ways, since 8 of 13 of 
these residues are identical in PTH and PTHrP. 

3 Both PTH and PTHrP bind to the PTH- 1 receptor with affinity in the nM 

range; the ligand-occupied receptor transmits a "signal" across the cell membrane 
to intracellular effector enzymes through a mechanism that involves intermediary 
heterotrimeric GTP-binding proteins (G proteins). The primary intracellular 
effector enzyme activated by the PTH-1 receptor in response to PTH or PTHrP 

5 is adenylyl cyclase (AC). Thus, PTH induces a robust increase in the "second 

messenger" molecule, cyclic adenosine monophosphate (cAMP) which goes on 
to regulate the poorly characterized "downstream" cellular processes involved in 
bone-remodeling (both bone formation and bone resorption processes). In certain 
cell-based assay systems, PTH can stimulate effector enzymes other than AC, 

) including phospholipase C (PLC), which results in production of inositol 



triphosphate (H> 3 ), diacylglycerol (DAG) and intracellular calcium (iCa 2+ ). The 
roles of these non-cAMP second messenger molecules in bone metabolism are 
presently unknown. 

Osteoporosis is a potentially crippling skeletal disease observed in a 
substantial portion of the senior adult population, in pregnant women and even in 
juveniles. The disease is marked by diminished bone mass, decreased bone mineral 
density (BMD), decreased bone strength and an increased risk of bone fracture. 
At present, there is no effective cure for osteoporosis, though estrogen, calcitonin 
and the bisphosphonates, etidronate and alendronate are used to treat the disease 
with varying levels of success through their action to decrease bone resorption. 
Since parathyroid hormone regulates blood calcium and the phosphate levels, and 
has potent anabolic (bone-forming) effects on the skeleton, in animals (Shen, V., 
etaL, Calcif Tissue Int. 50:214-220(1992); Whitefild, J. F., etaL, Calcif Tissue 
Int. 56:227-231 (1995) and Whitfield, J.F., et aL, Calcif. Tissue Int. 60:26-29 
(1997)) and humans (Slovik, D.M., etaL, J. BoneMiner. Res. 7:377-381 (1986); 
Dempster, D.W., et aL, Endocr. Rev. 74:690-709 (1993) and Dempster, D.W., 
et aL, Endocr. Rev. 75:261 (1994)) when administered intermittently, PTH, or 
PTH derivatives, are prime candidates for new and effective therapies for 
osteoporosis. 

Truncated PTH derivatives such as PTH(l-34) and PTH(l-3 1) are active 
inmost assay systems and promote bone-formation (Whitefild, IF., etaL, Calcif. 
Tissue Int. 56:227-231 (1995); Whitfield, J. F., etaL, Calcif Tissue Int. 60:26-29 
(1997); Slovik, D.M., etaL, J. BoneMiner. Res. 7:377-381 (1986); Tregear, 
G.W., etaL, Endocrinology £3:1349-1353 (1973); Rixon, R.H., etaL, J. Bone 
Miner. Res. 9:1179-1189 (1994); Whitfield, J.F. and Morley, P., Trends 
Pharmacol. Sci. 76:372-386 (1995) and Whitfield, J.F., etaL, Calcif Tissue Int. 
58 : 8 1 -87 ( 1 996)). But these peptides are still too large for efficient non-parenteral 
delivery and low cost. The discovery of an even smaller "minimized" version of 
PTH or PTHrP would be an important advance in the effort to develop new 
treatments for osteoporosis. 
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PTH and PTHrP derivatives that have amino acid substitutions or deletions 
in the 1-14 region usually exhibit diminished activity (Tregear, G.W., et al, 
Endocrinology 93:1349-1353 (1973); Goltzman, D., et al, J. Biol Chem. 
250:3199-3203 (1975); Horiuchi, N, etal, Science 220:1053-1055 (1983) and 

5 Gardella, T.J., etal, J. Biol Chem. 2^:13141-13146 (1991)) 

Several short NH 2 -terminal PTH or PTHrP peptides have been 
investigated previously, but no activity was detected. For example, bPTH(l-12) 
was inactive in adenylyl cyclase assays performed in rat renal membranes 
(Rosenblatt, M., "Parathyroid Hormone: Chemistry and Structure-Activity 

0 Relations, 1 ' in Pathobiology Annual, Ioachim, H.L., ed., Raven Press, New York 

(1981), pp. 53-84) and PTHrP(l-16) was inactive in AC assays performed in 
Chinese hamster ovary (CHO) cells expressing the cloned rat PTH-1 receptor 
(Azurani, A., etal, J. Biol Chem. 277:14931-14936 (1996)). It has been known 
that residues in the 15-34 domain of PTH contribute importantly to receptor 

5 binding affinity, as the PTH( 15-34) fragment binds weakly to the receptor, but this 

peptide does not activate AC (Naussbaum, S.R., etal, J.Biol Chem. 255:10183- 
10187 (1980) and Gardella, TJ., et al, Endocrinology 732:2024-2030 (1993)). 



Summary of the Invention 



The relatively large size of native PTH or PTHrP presents challenges to 
the use of these peptides as treatments for osteoporosis. In general, a protein of 
this size is not suitable for use as a drug, since it cannot be delivered effectively 
by simple methods such as nasal inhalation. Instead, injection is required, and in 
the case of PTH, daily, or almost daily injections would most likely be needed to 
achieve increases in bone formation rates. Additionally, larger peptides are 
technically difficult and expensive to prepare by conventional synthetic chemistry 
methods. Alternative methods employing recombinant DNA and cell-based 
expression systems are also expensive, potentially vulnerable to contamination by 
foreign proteins and do not circumvent the delivery problem. 



-7- 



Accordingly, it would be advantageous for those skilled in the art to be 
able to identify a small molecule analog (either peptide or non-peptide) that is 
based on the larger peptide and yet which still retains the desired biological 
activities. The activity may at first be weak relative to the intact peptide, but 
5 further optimization can lead to enhanced efficacy and potency. 

The present invention relates to compound of the formula or structure S- 
(L) n -B, wherein S is an amino-terminal signaling functional domain of PTH; L is 
a linker molecule present n times, where n is preferably an integer from 1-9; and 
B is any sequence corresponding to the carboxy-terminal functional domain of 

10 PTHQ-34) or PTHrP(l-34). Apreferable embodiment comprises a B moiety that 

is 10-20 amino acids in length.. A more preferable embodiment comprises 
PTH(1 5-3 1) or PTH(17-3 1). The compound is preferably an isolated peptide or 
polypeptide. This aspect of the invention also relates to peptide derivatives 
derived from these S-(L) n -B peptides by alteration in amino acid composition or 

15 amino acid chain length of the S and B moieties and derivatives thereof, 

pharmaceutical^ acceptable salts thereof, and - or C- derivatives thereof, are 
hereinafter collectively referred to as "S-(L) n -B compounds of the invention and 
derivatives thereof." 

The invention further relates to and isolated polypeptide wherein S is X 

20 Val X Glu X X X X His (SEQ ID NO: 42), wherein X is an amino acid, L is 5-1 0 

glycine residues, and B is X X X X X Arg X X Trp X Leu X Lys Leu X X Val 
(SEQ ID NO: 43), wherein X is an amino acid. The invention also related to an 
isolated polypeptide of claim 1, wherein S is Ser Val Ser Glu He Gin Leu Met His 
(SEQ ID NO: 44), L is 5-10 glycine residues; and B is as Leu Asn Ser Met Glu 

25 Arg Val Glu Trp Leu Arg Lys Lys Leu Gin Asp Val (SEQ ID NO: 45). 

The invention is further directed to a compound or an isolated peptide for 
a tethered ligand/receptor, said compound or isolated peptide having the formula 
or structure R r S-(L) n -R or S-(L) n -R, wherein R x is the PTH-1 receptor signal 
sequence; S is an amino-terminal ligand signaling peptide; L is a linker molecule 
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present N times, where N is a positive integer 1-1 0, most preferably 4, and R is 
PTH-1 receptor sequence or a portion of the receptor sequence. 

The invention is further related to a nucleic acid sequence encoding the 
compound or polypeptide S-(L) n -B, R r S-(L) n -R or S-(L) n -R 

The invention is further directed to an isolated polypeptide or a nucleic 
acid encoding the polypeptide of the formula S-R, wherein S is an amino-terminal 
signaling polypeptide; and R is a carboxy-terminal receptor polypeptide, and 
wherein said signaling polypeptide and said receptor polypeptide are linked to 
each other. A preferable embodiment of the claimed invention is directed a 
polypeptide wherein S is the amino-terminal signaling polypeptide X Val X Glu 
X X X X His, wherein X is an amino acid. 

In accordance with yet a further aspect of the invention, this invention 
provides a novel approach to the development of agonists and antagonists of 
PTH- 1 receptor function through the manipulation, i.e., substitution of amino acid 
residues, etc., of the separate functional domains of the compound S-(L) n -B, either 
separately or in combination. 

In accordance with yet a further aspect of the invention, this invention 
provides a method for the treatment of a patient having need of a biologically 
active peptide comprising administering a therapeutically effective amount of a S- 
(L)n-B peptide, N- or C- derivatives, pharmaceutical^ acceptable salts thereof; 
and a pharmaceutically acceptable carrier. 

In accordance with yet a further aspect of the invention, there is provided 
a method for treating a medical disorder that results from altered or excessive 
action of the PTH-l/PTH-2 receptor, comprising administering to a patient a 
therapeutically effective amount of a biologically active S-(L) n -B peptide, 
pharmaceutically acceptable salts thereof or N- or C- derivatives thereof and a 
pharmaceutically acceptable carrier sufficient to inhibit activation of the PTH- 
l/PTH-2 receptor of said patient. 

In accordance with yet a further aspect of the invention, this invention also 
provides a method for determining rates of bone reformation, bone resorption 
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and/ or bone remodeling comprising administering to a patient an effective amount 
of a labeled S-(L) n -B peptide of the invention or a derivative thereof and 
determining the uptake of said peptide into the bone of said patient. The peptide 
may be labeled with a label selected from the group consisting of: radiolabel, 
flourescent label, bioluminescent label, or chemiluminescent label. An example of 
a suitable radiolabel is 99m Tc. 

In accordance with yet a further aspect of the invention, this invention 
provides novel PTH receptors useful in the development of agonists and 
antagonists of PTH receptor function. 

The invention is further directed to a method for treating mammalian 
conditions characterized by decreases in bone mass, wherein said method 
comprises administering to a subject in need thereof an effective bone mass- 
increasing amount of the polypeptides of the invention. Another aspect of the 
invention involves treating the same condition by providing to the patient DNA 
encoding said peptide and expressing said peptide in vivo. Preferably the 
condition to be treated is osteoporosis. Administration of the polypeptide may be 
by any methods know to those of skill in the art preferably at an effective amount 
of said polypeptide from about 0.01 ^g/kg/day to about 1.0 ng/kg/day. 

The invention is further directed to a method of treating diseases and 
disorders associated with decreased Tether 1 activity comprising administering an 
effective amount of the polypeptide of the invention to a patient in need thereof. 

The invention is further directed to increasing cAMP in a mammalian cell 
having PTH-1 receptors, comprising contacting said cell with a sufficient amount 
of the polypeptides of the invention to increase cAMP. 

In all of the above embodiments of the invention the M S" component of the 
claimed polypeptides may also be used to treat the disease conditions. 

Additionally, the invention is directed to a method for screening for a 
peptide or non-peptide PTH agonist comprising a) binding a polypeptide having 
the structure of formula R r S-(L) n -R or S-(L) n -R, wherein: i) R t is the PTH-1 
receptor signal sequence; ii) S is an amino-terminal ligand signaling peptide; iii) 
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L is a linker molecule present n times, where n is a positive integer 1-10, most 
preferably 4; and iv) R is PTH-1 receptor sequence or a portion of the 
receptor sequence to a potential agonist; and b) isolating said potential agonist 
from said polypeptide. Preferably said polypeptide is Tether- 1 , [Rl 1 ]-Tether( 1 - 
1 1) or rSNt In an additional embodiment of the invention one obtains an isolated 
polypeptide by the above method and uses it to treat any of the above indicated 
conditions or one may alternatively use the S component from a preferred R r S- 
(L) n -R or S-(L) n -R polypeptide. 

Brief Description of the Figures 

Figure 1. PresentationofPG5(PTH(l-9)-(Gly) 5 -PTH(15-31)) amino acid 
(SEQ ID NO:9) and nucleic acid (SEQ ID NO:14) sequence; PG7 (PTH (1-9)- 
(Gly) 7 -PTH(17-31) ) amino acid (SEQ ID NO: 11) and nucleic acid (SEQ ID 
NO: 1 5) sequence; and PG9 (PTH (1 -5)-(Gly) 9 -PTH(l 5-3 1) ) amino acid (SEQ ID 
NO: 13) and nucleic acid (SEQ ID NO: 16) sequence. 

Figure 2. Presentation of the G protein receptor coupled B family ligand 
amino-terminal sequences. 

Figure 3 . Measurement of the total accumulation of cyclic AMP (cAMP) 
in COS cells in response to exposure to the indicated PTH peptides. A) 
Comparison of the accumulation of total cAMP in COS cells expressing human 
PTH-1 receptor and cells expressing a translation-stop, null PTH-1 receptor. B) 
Presentation of a second experiment demonstrating the effect of PG5 and PG9 on 
the accumulation of cAMP in COS cells expressing the human PTH-1 receptor. 

Figure 4. cAMP dose response curves of short amino-terminal PTH 
analogs in COS cells transfected with the human PTH- 1 receptor (COS7/hPTH- 1 
cells). COS cells in 24 plates were treated with the indicated peptides for 60 mins 
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at 21 °C, and then intracellular cAMP levels were measured. All PTH peptides 
shown are based on the rat PTH sequence and are carboxy-terminally amidated. 
4A, 4B and 4C represent separate experiments. 

Figures. Alanine-scan of PTH(1-14). Shown are the bioactivities of 14 
5 different PTH(1-14) derivatives, each having a different amino acid of the native 

sequence (shown at bottom of figure) replaced by alanine. Peptides were 
chemically synthesized, purified and tested for ability to stimulate cAMP formation 
in COS-7 cells expressing the cloned human PTH-1 receptor. Peptides were 
tested in duplicate (± s.e.m.) at a dose of 67 |iM. As a control, untreated cells, 
10 indicated by basal, were measured. The PTH(1-14) containing alanine at 

position 1 was used as the wild-type reference. Cells were stimulated for 30 
minutes at 21 °C. This figure provides information relevant to bioactivities of 
amino acid residues in the PTH(l-9) peptide used in the invention. 

Figure 6. Alanine-scan of PTH(17-31). Shown are the results of 
15 competition binding analysis, expressed in IC 50 values of 15 different PTH( 17-31) 

derivatives, each having a different amino acid of the native sequence (shown at 
bottom of figure) replaced by alanine. Peptides were chemically synthesized, 
purified and tested for ability to inhibit PTH(l-34) binding to COS-7 cells 
expressing the cloned human PTH-2 receptor. IC 50 is the dose of a peptide 
20 required to inhibit 50% of 125 I PTHQ-34) binding. This figure provides 

information relevant to bioactivities of amino acid residues in the PTH( 17-31) 
peptide used in the invention. 

Figure 7. Presentation of the nucleic acid (SEQ ID NO: 3 6) and amino 
acid sequence (SEQ ID NO: 12) of the Tether- 1 receptor. 



25 



Figure 8. A) Schematic representation of the rHA-Wt receptor, r8Nt 
receptor (also referred to in the application as Del-Nt, delNT or rANt), and the 
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Tether-1 receptor. B) Results of a cAmp accumulation assay testing the 
recombinant receptor molecules presented in 8 A. 

Figure 9. Presentation of the nucleic acid (SEQ ID NO:38) and amino 
acid sequence (SEQ ID NO;39) of the Tether-lC receptor. 

5 Figure 10. Presentation of the nucleic acid (SEQ ED NO:40) and amino 

acid sequence (SEQ ID NO:41) of the rSNt/Ct receptor. 



Figure 1 1A-1 1G . Oligonucleotides and strategy for the construction of 
ligand/receptor chimeric molecules used in construction of chimeric rat PTH-1 
receptor, rTether-L 

1 0 Figure 1 1 A shows the two flanking regions of the PTH receptor derived 

from wild-type PTH. . SEQ ID NO;46 is the left side flanking region and SEQ ID 
NO: 47 is the right side flanking region.. The entire intervening sequence is not 
shown. 

Figure 1 IB shows the computer generated nucleotide sequence coding for 
1 5 PTH( 1 -9) used in the oligonucleotide. 

Figure 11C. Sequence of oligonucleotide E16631A1 (SEQ ID NO:48) 
used to construct rTether-L. 

Figure 1 ID. Flanking sequence and PTH insert (SEQ ID NO: 49). The 
slash marks ( | ) indicates the flanking regions to the left and right of the PTH 
20 insert. Sequence of oligonucleotide El 6631 A and its protein translation, (note 

DNA sequence here is same as in Figure 1 1C (SEQ ID NO. 48). 

Figure 1 IE - Ndel restriction sites used in screening Tether- 1 candidates. 
Figure 1 IF- Sequence ofE16853Al used to construct the control plasmid 
that contains the HA-EPITOPE TAG in place of the PTH(l-9) sequence of 
25 Tether- 1. 

Figure 1 1G - DNA sequence and protein translation of oligo E16853A1 
(note DNA sequence is same as in 1 1 F (SEQ ID NO. 5 1) 



/ 
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Figure 12A-12B. Characterization of the signaling properties of KPIR- 
Tether(l-9) and several of its analogs in transiently transfected COS-7 cells. 

Figure 13. Dose-response analysis of the truncated receptors 
hPlR-delNT, hPlR-Tether(l-9), and hPlR-[R n ]-Tether(l-ll). 

Figure 14. Time-dependence and DNA-dependence of basal and 
agonist-induced cAMP signaling for hPlR-[R n ]-Tether(l-l 1). 

Figure 15. Basal and agonist-induced signaling ofhPlR-[R n ]-Tether(l-l 1) 
is critically dependent on the amount of plasmid DNA used for the transient 
transfection of the COS-7 cells. 

Figure 16. Structure-activityprofileofPTHpeptidesandthePTH-portion 
of hPlR-[R u ]-Tether(l-l 1). 

Figure 17. Nucleotide sequence (SEQ ID NO:61) and corresponding 
amino acid sequence (SEQ ID NO:62) of hPlR-Tether-1 (hPlR-Tether(l-9) . 
Made from the human PTH-1 receptor by replacing Ala24 to Argl81 with Alal 
to His9 of PTH. HK-Tether-1: Sequence ID#: E20986A1 (99nts) and its 
translation. Oligo to construct Tether- 1 inhPTH-1 rec (HK). loin Ala-23 of rec 
to Val-2 of PTH(l-9)~Glyx4, -Glu-182 

ctctgctgccccgtgctcagctccgcgtacgcgGtttCCGAAAtCCAGCtGAtGCACggc- 
LCCPVLSSAYAVSEIQLMHG - 
ggaggaggcgaggtgtttgaccgcctgggcatgatttac 
GGGEVFDRLGMIY. 

Figure 18. Nucleotide sequence (SEQ ID NO:59) and corresponding 
amino acid sequence (SEQ ID NO:60) of hPlR-dellNT. 
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Figure 19. Nucleotide sequence (SEQ ID NO: 57) and corresponding 
amino acid sequence (SEQ ID NO:58) of hPlR-[Rl 1]-Tether(l-1 1). Made from 
hTether-1 by inserting AsnlO-Argl 1 between His9 and first Gly of linker. Fig 19 
Sequence K)#: E27309A1. hThr-Argl l:Insert Asn-10 and Argl 1 into 
HK-Tether-1 *** Adds NSil site at Met8/His9 (ATGCAt) 
CCGAAAtCCAGCtGAtGCAtAAtCGtggcggaggaggcgaggtgtttg 
EIQLMHNRGGGGEVFD 

Detailed Description of the Preferred Embodiments 

In order to provide a clearer understanding of the specification and claims, 
the following definitions are provided. 

1. Definitions 

In the description that follows, a number of terms used in recombinant 
DNA technology and peptide synthesis are utilized extensively. In order to 
provide a clear and consistent understanding of the specification and claims, 
including the scope to be given such terms, the following definitions are provided. 

Cloning vector: A plasmid or phage DNA or other DNA sequence which 
is able to replicate autonomously in a host cell, and which is characterized by one 
or a small number of restriction endonuclease recognition sites at which such DNA 
sequences may be cut in a determinable fashion without loss of an essential 
biological function of the vector, and into which a DNA fragment may be spliced 
in order to bring about its replication and cloning. The cloning vector may further 
contain a marker suitable for use in the identification of cells transformed with the 
cloning vector. Markers, for example, provide tetracycline resistance or ampicillin 
resistance. 

Expression vector: A vector similar to a cloning vector but which is 
capable of enhancing the expression of a gene which has been cloned into it, after 
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transformation into a host. The cloned gene is usually placed under the control 
of (/. e. , operably linked to) certain control sequences such as promoter sequences. 
Promoter sequences may be either constitutive or inducible. 

Recombinant Host: According to the invention, a recombinant host may 
be any prokaryotic or eukaryotic host cell which contains the desired cloned genes 
on an expression vector or cloning vector. This term is also meant to include 
those prokaryotic or eukaryotic cells that have been genetically engineered to 
contain the desired gene(s) in the chromosome or genome of that organism. For 
examples of such hosts, see Sambrook et aL, Molecular Cloning: A Laboratory 
Manual, Second Edition, Cold Spring Harbor Laboratory, Cold Spring Harbor, 
New York (1989). Preferred recombinant hosts are eukaryotic cells transformed 
with the DNA construct of the invention. More specifically, mammalian cells are 
preferred. 

Promoter: A DNA sequence generally described as the 5' region of a 
gene, located proximal to the start codon. The transcription of an adjacent 
gene(s) is initiated at the promoter region. If a promoter is an inducible promoter, 
then the rate of transcription increases in response to an inducing agent. In 
contrast, the rate of transcription is not regulated by an inducing agent if the 
promoter is a constitutive promoter. Examples of promoters include the CMV 
promoter (InVitrogen, San Diego, CA), the SV40, MMTV, and hMTIIa 
promoters (U.S. Pat. No. 5,457,034), the HSV-1 4/5 promoter (U.S. Pat. No. 
5,501,979), and the early intermediate HCMV promoter (W092/17581). Also, 
tissue-specific enhancer elements may be employed. Additionally, such promoters 
may include tissue and cell-specific promoters of an organsim. 

Polynucleotide: This term generally refers to any polyribonucleotide or 
polydeoxribonucleotide, which may be unmodified RNA or DNA or modified 
RNA or DNA. "Polynucleotides" include, without limitation single- and double- 
stranded DNA, DNA that is a mixture of single- and double-stranded regions, 
single- and double-stranded RNA, and RNA that is mixture of single- and double- 
stranded regions, hybrid molecules comprising DNA and RNA that may be single- 
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stranded or, more typically, double-stranded or a mixture of single- and double- 
stranded regions. In addition, "polynucleotide" refers to triple-stranded regions 
comprising RNA or DNA or both RNA and DNA. The term polynucleotide also 
includes DNAs or RNAs containing one or more modified bases and DNAs or 
RNAs with backbones modified for stability or for other reasons. "Modified" 
bases include, for example, tritylated bases and unusual bases such as inosine. A 
variety of modifications have been made to DNA and RNA; thus, "polynucleotide" 
embraces chemically, enzymatically or metabolically modified forms of 
polynucleotides as typically found in nature, as well as the chemical forms of DNA 
and RNA characteristic of viruses and cells. "Polynucleotide" also embraces 
relatively short polynucleotides, often referred to as oligonucleotides. 

Polypeptide: This term refers to any peptide or protein comprising two or 
more amino acids joined to each other by peptide bonds or modified peptide 
bonds, /. e. , peptide isosteres. "Polypeptide" refers to both short chains, commonly 
referred to as peptides, oligopeptides or oligomers, and to longer chains, generally 
referred to as proteins. Polypeptides may contain amino acids other than the 20 
gene-encoded amino acids. "Polypeptides" include amino acid sequences modified 
either by natural processes, such as post-translational processing, or by chemical 
modification techniques which are well known in the art. Such modifications are 
well described in basic texts and in more detailed monographs, as well as in the 
research literature. Modifications can occur anywhere in a polypeptide, including 
the peptide backbone, the amino acid side-chains and the amino or carboxyl 
termini. It will be appreciated that the same type of modification may be present 
in the same or varying degrees at several sites in a given polypeptide. Also, a 
given polypeptide may contain many types of modifications. 

Polypeptides may be branched and they may be cyclic, with or without 
branching. Cyclic, branched and branched cyclic polypeptides may result from 
post-translation natural processes or may be made by synthetic methods. 
Modifications include acetylation, acylation, ADP-ribosylation, amidation, 
covalent attachment of flavin, covalent attachment of a heme moiety, covalent 
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attachment of a nucleotide or nucleotide derivative, covalent attachment of a lipid 
or lipid derivative, covalent attachment of phosphotidylinositol, cross-linking, 
cyclization, disulfide bond formation, demethylation, formation of covalent cross- 
links, formation of cystine, formation of pyroglutamate, formylation, gamma- 
carboxylation, glycosylation, GPI anchor formation, hydroxylation, iodination, 
methylation, myristoylation, oxidation, proteolytic processing, phosphorylation, 
prenylation, racemization, selenoylation, sulfation, transfer-RNA mediated 
addition of amino acids to proteins such as arginylation, and ubiquitination. See, 
for instance, Proteins-Structure and Molecular Properties, 2nd Ed., T. E. 
Creighton, W. H. Freeman and Company, New York, 1993 and Wold, F., 
Posttranslational Protein Modifications: Perspectives and Prospects, pgs. 1-12 in 
Posttranslational Covalent Modification of Proteins, B„ C. Johnson, Ed., 
Academic Press, New York, 1983; Seifter et al, "Analysis for protein 
modifications and nonprotein cofactors", Methods in Enzymol 752:626-646 
(1990) and Rattan et al, "Protein Synthesis: Posttranslational Modifications and 
Aging", Ann NY Acad Sci 663:48-62 (1992). The polypeptides of the invention 
have a free amino group at the N-terminus and a carboxy-amid at the C-terminus. 

Homologous/Nonhomologous: Two nucleic acid molecules are 
considered to be "homologous" if their nucleotide sequences share a similarity of 
greater than 40%, as determined by HASH-coding algorithms (Wilber, W.J. and 
Lipman, DJ., Proc. Natl Acad. Sci. 50:726-730 (1983)). Two nucleic acid 
molecules are considered to be "nonhomologous" if their nucleotide sequences 
share a similarity of less than 40%. 

Isolated: A term meaning altered "by the hand of man" from the natural 
state. If an "isolated" composition or substance occurs in nature, it has been 
changed or removed from its original environment, or both. For example, a 
polynucleotide or a polypeptide naturally present in a living animal is not 
"isolated," but the same polynucleotide or polypeptide separated from the 
coexisting materials of its natural state is "isolated", as the term is employed 
herein. Thus, a polypeptide or polynucleotide produced and/or contained within 
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a recombinant host cell is considered isolated for purposes of the present 
invention. Also intended as an "isolated polypeptide" or an "isolated 
polynucleotide" are polypeptides or polynucleotides that have been purified, 
partially or substantially, from a recombinant host cell or from a native source. 
For example, a recombinantly produced version of compounds of SEQ ID NO: 1 
and derivatives thereof can be substantially purified by the one-step method 
described in Smith and Johnson, Gene 67:31-40 (1988). 

By "isolated" is meant that the DNA is free of the coding sequences of 
those genes that, in the naturally-occurring genome of the organism (if any) from 
which the DNA of the invention is derived, immediately flank the gene encoding 
the DNA of the invention. The isolated DNA may be single-stranded or 
double-stranded, and may be genomic DNA, cDNA, recombinant hybrid DNA, 
or synthetic DNA. It may be identical to a native DNA sequence encoding 
compounds of SEQ ID NO:l and derivatives thereof, or may differ from such 
sequence by the deletion, addition, or substitution of one or more nucleotides. 
Single-stranded DNAs of the invention are generally at least 8 nucleotides long, 
(preferably at least 18 nucleotides long, and more preferably at least 30 
nucleotides long) ranging up to full length of the DNA molecule encoding 
compounds of SEQ ID NO: 1 and derivatives thereof (i.e., 42 nucleotides); they 
preferably are detectably labeled for use as hybridization probes, and may be 
antisense. 

Isolated or purified as it refers to preparations made from biological cells 
or hosts should be understood to mean any cell extract containing the indicated 
DNA or protein including a crude extract of the DNA or protein of interest. For 
example, in the case of a protein, a purified preparation can be obtained following 
an individual technique or a series of preparative or biochemical techniques and 
the DNA or protein of interest can be present at various degrees of purity in these 
preparations. The procedures may include for example, but are not limited to, 
ammonium sulfate fractionation, gel filtration, ion exchange change 
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chromatography, affinity chromatography, density gradient centrifiigation and 
electrophoresis. 

A preparation of DNA or protein that is "pure" or "isolated" should be 
understood to mean a preparation free from naturally occurring materials with 
which such DNA or protein is normally associated in nature. "Essentially pure" 
should be understood to mean a "highly" purified preparation that contains at least 
95% of the DNA or protein of interest. 

A cell extract that contains the DNA or protein of interest should be 
understood to mean a homogenate preparation or cell-free preparation obtained 
from cells that express the protein or contain the DNA of interest. The term "cell 
extract" is intended to include culture media, especially spent culture media from 
which the cells have been removed. 

While many embodiments of the claimed invention use isolated or purified 
polynucleotides or polypeptides, this need not always be the case. For example, 
a recombinant host cell expressing the novel receptors of the invention may be 
used in screening assays to identify PTH agonists without being further isolating 
the expressed receptor proteins. 

High Stringency: By "high stringency" is meant, for example, conditions 
such as those described for the isolation of cDNA (also see Current Protocols in 
Molecular Biology, John Wiley & Sons, New York (1989), hereby incorporated 
by reference). The DNA of the invention may be incorporated into a vector which 
may be provided as a purified preparation (e.g., a vector separated from the 
mixture of vectors which make up a library,) containing a DNA sequence encoding 
a peptide of the invention (e.g. compounds of SEQ ID NO:l and derivatives 
thereof) and a cell or essentially homogenous population of cells (e.g., prokaryotic 
cells, or eukaryotic cells such as mammalian cells) which contain the vector (or the 
isolated DNA described above). 

Identity: This term refers to a measure of the identity of nucleotide 
sequences or amino acid sequences. In general, the sequences are aligned so that 
the highest order match is obtained. "Identity" per se has an art-recognized 
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meaning and can be calculated using published techniques. (See, e.g.: 
Computational Molecular Biology, Lesk, AM., ed., Oxford University Press, 
New York, 1988; Biocomputing: Informatics and Genome Projects, Smith, D.W., 
ed., Academic Press, New York, 1993; Computer Analysis of Sequence Data, 
Parti, Griffin, A.M., and Griffin, H.G., eds., Humana Press, New Jersey, 1994; 
Sequence Analysis in Molecular Biology, vonHeinje, G., Academic Press, 1987; 
and Sequence Analysis Primer, Gribskov, M. and Devereux, J., eds., M Stockton 
Press, New York, 1991). While there exist a number of methods to measure 
identity between two polynucleotide or polypeptide sequences, the term "identity" 
is well known to skilled artisans (Carillo, H. & Lipton, D., SIAM J Applied Math 
48:1073 (1988)). Methods commonly employed to determine identity or similarity 
between two sequences include, but are not limited to, those disclosed in Guide 
to Huge Computers, Martin J. Bishop, ed., Academic Press, San Diego, 1994, and 
Carillo, H. & Lipton, D., SIAM J Applied Math 48:1013 (1988). Methods to 
determine identity and similarity are codified in computer programs. Preferred 
computer program methods to determine identity and similarity between two 
sequences include, but are not limited to, GCG program package (Devereux, J., 
et at, Nucleic Acids Research 12(i):3%l (1984)), BLASTP, BLASTN, FASTA 
(Atschul, S.F., etal } JMolecBiol215A03 (1990)). 

Therefore, as used herein, the term "identity" represents a comparison 
between a test and reference polypeptide. More specifically, reference test 
polypeptide is defined as any polypeptide that is 85% or more identical to a 
reference polypeptide. As used herein, the term at least 85% identical to refers to 
percent identities from 85 to 99.99 relative to the reference polypeptides. Identity 
at a level of 85% or more is indicative of the fact that, assuming for 
exemplification purposes a test and reference polynucleotide length of 100 amino 
acids, that no more than 15% (i.e., 15 out of 100) amino acids in the test 
polypeptides differ from that of the reference polypeptides. Such differences may 
be represented as point mutations randomly distributed over the entire length of 
the amino acid sequence of the invention or they may be clustered in one or more 
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locations of varying length up to the maximum allowable 2/14 amino acid 
difference (approximately 85% identity). Differences are defined as amino acid 
substitutions, or deletions. 

Fragment: A "fragment" of a molecule such as a compound of SEQ ID 
NO: 1 or derivative thereof is meant to refer to any polypeptide subset of these 
molecules. 

Functional Derivative: The term "derivatives" is intended to include 
"variants;' the "derivatives," or "chemical derivatives" of the molecule. A 
"variant" of a molecule such as a compound of SEQ ID NO: 1 or derivative 
thereof is meant to refer to a molecule substantially similar to either the entire 
molecule, or a fragment thereof. An "analog" of a molecule such as a compound 
of SEQ ID NO: 1 or derivative thereof is meant to refer to a non-natural molecule 
substantially similar to either the SEQ ID NO: 1 molecules or fragments thereof. 

A molecule is said to be "substantially similar" to another molecule if the 
sequence of amino acids in both molecules is substantially the same, and if both 
molecules possess a similar biological activity. Thus, provided that two molecules 
possess a similar activity, they are considered variants, derivatives, or analogs as 
that term is used herein even if one of the molecules contains additional amino acid 
residues not found in the other, or if the sequence of amino acid residues is not 
identical. 

As used herein, a molecule is said to be a "chemical derivative" of another 
molecule when it contains additional chemical moieties not normally a part of the 
molecule. Such moieties may improve the molecule's solubility, absorption, 
biological half-life, etc. The moieties may alternatively decrease the toxicity of the 
molecule, eliminate or attenuate any undesirable side effect of the molecule, etc. 
Examples of moieties capable of mediating such effects are disclosed in 
Remington's Pharmaceutical Sciences (1980) and will be apparent to those of 
ordinary skill in the art. 

Biological Activity of the Protein: This expression refers to the metabolic 
or physiologic function of compounds, for example, SEQ ID NO: 1 or derivatives 
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thereof including similar activities or improved activities or those activities with 
decreased undesirable side-effects. Also included are antigenic and immunogenic 
activities of said compounds of, for example, SEQ ED NO: 1 or derivatives 
thereof. 

5 Fusion protein: By the term "fusion protein" is intended a fused protein 

comprising compounds of for example, SEQ ID NO: 1 or derivatives thereof, 
either with or without a "selective cleavage site" linked at its N-terminus, which 
is in turn linked to an additional amino acid leader polypeptide sequence. 

Selective cleavage site: The term "selective cleavage site" refers to an 

10 amino acid residue or residues which can be selectively cleaved with either 

chemicals or enzymes in a predictable manner. A selective enzyme cleavage site 
is an amino acid or a peptide sequence which is recognized and hydrolyzed by a 
proteolytic enzyme. Examples of such sites include, without limitation, trypsin or 
chymotrypsin cleavage sites. 

15 Leader Sequence: By the term "leader sequence" is intended a 

polynucleotide sequence linked to for example, DNA encoding compounds of 
SEQ ID NO: 1, and expressed in host cells as a fusion protein fused to the 
selective cleavage site and compounds of SEQ ED NO: 1. The term "leader 
polypeptide" describes the expressed form of the "leader sequence" as obtained 

20 in the fusion protein. 

The fusion protein, which is often insoluble and found in inclusion bodies 
when it is overexpressed, is purified from other bacterial protein by methods well 
known in the art. In a preferred embodiment, the insoluble fusion protein is 
centrifuged and washed after cell lysis, and resolubilized with guanidine-HCl. It 

25 can remain soluble after removal of the denaturant by dialysis. (For purification 

of refractile proteins, see Jones, U.S. Pat. No. 4,512922; Olson, U.S. Pat. No. 
4,518,526; and Builder et al 9 U.S. Pat. Nos. 4,511,502 and 4,620,948). 

The recombinantly produced compounds of, for example, SEQ ID NO: 1 
or derivatives thereof can be purified to be substantially free of natural 

30 contaminants from the solubilized fusion protein through the use of any of a 
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variety of methodologies. As used herein, a compound is said to be "substantially 
free of natural contaminants" if it has been substantially purified from materials 
with which it is found following expression in bacterial or eukaryotic host cells. 
Compounds of SEQ ID NO: 1 or derivatives thereof may be purified through 
application of standard chromatographic separation technology. 

Alternatively, the peptide may be purified using immuno-affinity 
chromatography (Rotman, A. etal, Biochim. Biophys. Acta 641: 1 14-121 (1981); 
Sairam, M. R. J,. Chromatog 275:143-152 (1981); Nielsen, L. S. et al., 
Biochemistry 27:6410-6415 (1982); Vockley, J. etal, Biochem. J. 217:535-542 
(1984); Paucha, R et al f J. Virol 51:670-681 (1984); and Chong, P. et al, J. 
Virol Meth 10:261-268 (1985)). 

After partial or substantial purification, the fusion protein is treated 
enzymatically with the enzyme corresponding to the cleavage site. Alternatively, 
the fusion protein in its more impure state, even in refractile form, can be treated 
with the enzyme. If needed, the resulting mature compounds of SEQ ID NO: 1 
or derivatives thereof, can be further purified. Conditions for enzymatic treatment 
are known to those of skill in the art. 

Gene Therapy. A means of therapy directed to altering the normal pattern 
of gene expression of an organism. Generally, a recombinant polynucleotide is 
introduced into cells or tissues of the organism to effect a change in gene 
expression. 

Host Animal: Transgenic animals, all of whose germ and somatic cells 
contain the DNA construct of the invention. Such transgenic animals are in 
general vertebrates. Preferred host animals are mammals such as non-human 
primates, mice, sheep, pigs, cattle, goats, guinea pigs, rodents, e.g. rats, and the 
like. The term Host Animal also includes animals in all stages of development, 
including embryonic and fetal stages. 

Osteoporosis: Osteoporosis is a potentially crippling skeletal disease 
observed in a substantial portion of the senior adult population, in pregnant 
women and* even in juveniles. The term osteoporosis refers to a heterogeneous 
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group of disorders. Clinically, osteoporosis is separated into type I and type II. 
Type I osteoporosis occurs predominantly in middle aged women and is associated 
with estrogen loss at menopause, while osteoporosis type II is associated with 
advancing age. Patients with osteoporosis would benefit from new therapies 
5 designed to promote fracture repair, or from therapies designed to prevent or 

lessen the fractures associated with the disease. 

2. Novel PTH Functional Domain Conjugate Peptides of the Formula S- 

In a first embodiment, the invention provides for novel PTH functional 

1 0 domain conjugate peptides that retain bioactivity. The new peptides correspond 

to the inventors' discovery and determination that ammo-terminal and carboxy- 
terminal functional domains are present in PTH(l-34) peptide. This aspect of the 
invention enables the development of agonists of PTH receptor activity by 
selectively manipulating the biochemical properties of each functional domain, 

15 separately or in combination. The general formula of the peptide compounds of 

this aspect of the invention is S-(L) n -B, wherein S is a amino-terminal signaling 
functional domain; L is a linker molecule present n times, where n is an integer 
from 1-9; and B is a carboxy-terminal functional domain of the peptide hormone. 
This aspect of the invention also relates to peptide derivatives derived from these 

20 S-(L) n -B peptides by alteration in amino acid composition or amino acid chain 

length of the S and B moieties. 

As protein products, compounds and derivatives of the present invention 
are amenable to production by the technique of solution- or solid-phase peptide 
synthesis. The solid phase peptide synthesis technique, in particular, has been 

25 successfully applied in the production of human PTH and can be used for the 

production of S-(L) n -B compounds of the invention or derivatives (for guidance, 
see Kimura et al., supra, and see Fairwell et al, Biochem. 22:2691 (1983)). 
Success with producing human PTH on a relatively large scale has been reported 
by Goud et al, in J. Bone Min. Res. 6(8):1%\ (1991), incorporated herein by 
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reference. The synthetic peptide synthesis approach generally entails the use of 
automated synthesizers and appropriate resin as solid phase, to which is attached 
the C-terminal amino acid of the desired compounds or derivatives of the 
invention. Extension of the peptide in the N-terminal direction is then achieved 
5 by successively coupling a suitably protected form of the next desired amino acid, 

using either FMOC- or BOC-based chemical protocols typically, until synthesis 
is complete. Protecting groups are then cleaved from the peptide, usually 
simultaneously with cleavage of peptide from the resin, and the peptide is then 
isolated and purified using conventional techniques, such as by reversed phase 

10 HPLC using acetonitrile as solvent and tri-fluoroacetic acid as ion-pairing agent. 

Such procedures are generally described in numerous publications and reference 
may be made, for example, to Stewart and Young, "Solid Phase Peptide 
Synthesis," 2nd Edition, Pierce Chemical Company, Rockford, IL (1984). It will 
be appreciated that the peptide synthesis approach is required for production of 

1 5 S-(L) n -B compounds of the invention and derivatives and variants thereof which 

incorporate amino acids that are not genetically encoded. 

In one specific embodiment, this invention provides a biologically active 
peptide useful for the design of agonists for the PTH-1 or PTH-2 receptor 
comprising the compound S-(L) n -B, wherein S is the signaling peptide PTH(1- 

20 9)(Ala Val Ser Glu He Gin Leu Met His (SEQ ID NO: 1)); L is the linker molecule 

(Gly) 5 ; and B is a binding peptide PTH(1 5-3 l)(Leu Asn Ser Met Glu Arg Val Glu 
Trp Leu Arg Lys Lys Leu Gin Asp Val (SEQ ID NO: 2)). The entire sequence 
being PG5: Ala Val Ser Glu He Gin Leu Met His Gly Gly Gly Gly Gly Leu Asn 
Ser Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gin Asp Val (SEQ ID NO:3) 

25 In another specific embodiment, this invention provides a biologically 

active peptide useful for the design of agonists for the PTH1R or PTH2R receptor 
comprising the compound S-(L) n -B, wherein S is the signaling peptide PTH(1- 
5)(Ala Val Ser Glu He (SEQ ID NO: 4)); L is the linker molecule (Gly) 9 ; and B 
is a binding peptide PTH(1 5-3 l)(Leu Asn Ser Met Glu Arg Val Glu Trp Leu Arg 

30 Lys Lys Leu Gin Asp Val (SEQ ID NO: 2)). The entire sequence being PG9: Ala 
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Val Ser Glu He Gly Gly Gly Gly Gly Gly Gly Gly Gly (Leu Asn Ser Met Glu Arg 
Val Glu Trp Leu Arg Lys Lys Leu Gin Asp Val (SEQ ID NO:5). 

In another specific embodiment, this invention provides a biologically 
active peptide useful for the design of agonists for the PTH1R or PTH2Rreceptor 
comprising the compound S-(L) ft -B, wherein S is the signaling peptide PTH(1- 
9)(Ala Val Ser Glu He Gin Leu Met His (SEQ ID NO : 1 )); L is the linker molecule 
(Gly) 7 ; and B is a binding peptide PTH(17-3 l)(Ser Met Glu Arg Val Glu Trp Leu 
Arg Lys Lys Leu Gin Asp Val (SEQ ID NO:4)), The entire sequence being PG7: 
Ala Val Ser Glu He Gin Leu Met His Gly Gly Gly Gly Gly Gly Gly Ser Met Glu 
Arg Val Glu Trp Leu Arg Lys Lys Leu Gin Asp Val (SEQ ED NO:6). 

In one specific embodiment, this invention provides a biologically active 
peptide useful for the design of agonists for the PTH1R or PTH2R receptor 
comprising the compound S-(L) n -B, wherein S is the signaling peptide PTHrP(l- 
9)(Ala Val Ser Glu His Gin Leu Leu His (SEQ ID NO: 7)); L is the linker 
molecule (Gly) 5 ; and B is a binding peptide PTHrP(15-3 l)(Ile Gin Asp Leu Arg 
Arg Arg Phe Phe Leu His His Leu He Ala Glu He (SEQ ID NO:8)). The entire 
sequence being PrPG5 : Ala Val Ser Glu His Gin Leu Leu His Gly Gly Gly Gly Gly 
(He Gin Asp Leu Arg Arg Arg Phe Phe Leu His His Leu He Ala Glu He (SEQ ID 
NO:9). 

In another specific embodiment, this invention provides a biologically 
active peptide useful for the design of agonists for the PTH1R or PTH2R receptor 
comprising the compound S-(L) n -B, wherein S is the signaling peptide PTHrP(l- 
5)(Ala Val Ser Glu His (SEQ ID NO: 10)); L is the linker molecule (Gly) 9 ; and B 
is a binding peptide PTHrP(l 5-3 l)(Ile Gin Asp Leu Arg Arg Arg Phe Phe Leu His 
His Leu He Ala Glu He (SEQ ID NO:8)). The entire sequence being PrPG9: Ala 
Val Ser Glu His Gly Gly Gly Gly Gly Gly Gly Gly Gly (He Gin Asp Leu Arg Arg 
Arg Phe Phe Leu His His Leu He Ala Glu lie (SEQ ID NO: 1 1). 

In another specific embodiment, this invention provides a biologically 
active peptide useful for the design of agonists for the PTH 1 R or PTH2R receptor 
comprising the compound S-(L) n -B ? wherein S is the signaling peptide PTHrP(l- 
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9)(Ala Val Ser Glu His Gin Leu Leu His (SEQ ID N0:7)); L is the linker molecule 
(Gly) 7 ; and B is a binding peptide PTHrP(17-3 l)(Asp Leu Arg Arg Arg Phe Phe 
Leu His His Leu lie Ala Glu He (SEQ ID NO: 12)). The entire sequence being 
PrPG7: Ala Val Ser Glu His Gin Leu Leu His Gly Gly Gly Gly Gly Gly Gly Asp 
Leu Arg Arg Arg Phe Phe Leu His His Leu He Ala Glu He (SEQ ID NO: 13). 

In another specific embodiment, the S-(L) n -B compound represented by 
PTH(l-9)-(Gly) 5 -PTH(15-31) may be altered by amino acid substitution in the S 
and B peptides. Substitutions may be with either L or D sterioisomers of any 
selected amino acid, natural or synthetic. 

Most preferred targeted sites and the preferred substitutions in the S 
peptide (PTH(l-9)) include the following: 

1) Position 3 (serine) to alanine: shown in the alanine scan of PTH(l-4) to 
enhance activity. 

2) Position 3 (serine) to other small amino acids (e.g. Gly, Thr, Asn, Cys), 
(note, bulky amino acids at 3 impair activity, as shown in Cohen, F.E., et 
al, J. Biol Chem. 266:1991-2004 (1991). 

3) Position 1 (alanine) to other small or charged amino acids (e.g. Gly, Pro. 
Val Thr, Asp or Lys), include L and D sterioisomers, (note, residue 1 of 
PTH shown to be important for activation (Tregear, G.W., et al. y 
Endocrinology P3: 1349-1353 (1973)). 

4) Position 2 (valine) to other hydrophobic or small amino acids (e.g. He, 
Gly, Thr,) (note, residue 2 of PTH was shown earlier to be important for 
activation (Gardella, T.J., etal. 7 J. Biol Chem. 265:13141-13146(1991)). 

5) Position 4 (glutamate) to other charged or hydrophobic amino acids (e.g. 
Arg, Lys, Asp, He, Trp) (note, residue 4 of PTH was shown earlier to be 
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important for activation (Gardella, T. J., et al. 9 J. Biol Chem. 266: 13141- 
13146 (1991)). 

6) Position 5 (isoleucine) to other charged or hydrophobic amino acids (e.g. 
Val. Met, Trp, His, Arg, Lys, Asp,) include L and D stereoisomers, (note, 
residue 5 of PTH was shown earlier to be important for activation and 
binding (Gardella, TJ., et al., J. Biol Chem. 270:6584-6588 (1995); 
Gardella, T., et aL 9 J. Biol Chem. 277:19888-19893 (1996)). 

7) Position 6 (glutamine) to other small, charged or hydrophobic amino acids 
(e.g. Ala, Leu, Arg, Lys, Asp,) (note, residue 6 data of PTH was shown 
earlier to be important for activation (Cohen, F.E., et al 7 J. Biol Chem. 
2^:1997-2004(1991)). 

Most preferred targeted sites and the preferred substitutions in the B 
peptide (PTH(15-3 1)) include the following: 

1) Position 19 (glutamate) to arginine: ER-19 substitution shown to improve 
binding of PTH(l-34) analogs (Gardella, T.J., et al y J. Biol Chem. 
270:6584-6588 (1995), Takasu et al, Biochemistry 35:13453-13460 
(1999)). 

2) Position 22 (glutamate) to alanine: EA-22 substitution shown to improve 
binding of PTH( 17-31) (unpublished alanine scan data). 

In another specific embodiment, the S-(L) n -B compound represented by 
PTH(l-9)-(Gly) 5 -PTH(15-31) or PTHrP(l-9)-(Gly) 5 -PTHrP( 15-31) may be 
altered by the substitution of any L or D amino acid stereoisomer, natural or 
synthetic. Such substitutions may be made in either the S or B peptide wherein 
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no more than one amino acid is changed or substituted. The design and synthesis 
of such compounds are within the skill of those in the art. 

In another specific embodiment, the S-(L) n -B compound represented by 
PTH(l-9)-(Gly) 5 -PTH(15-31) or PTHrP(l-9)-(Gly) 5 -PTHrP(15-31) may be 
altered by the substitution of any L or D amino acid stereoisomer, natural or 
synthetic. Such substitutions may be made in either the S or B peptide wherein 
no more than two amino acids are changed or substituted. The design and 
synthesis of such compounds are within the skill of those in the art. 

In another specific embodiment, the S-(L) n -B compound represented by 
PTH(l-9)-(Gly) 5 -PTH(15-31) or PTHrP(l-9)-(Gly) 5 -PTHrP(15-31) may be 
altered by the substitution of any L or D amino acid stereoisomer, natural or 
synthetic. Such substitutions may be made in either the S or B peptide wherein 
no more than three amino acids are changed or substituted. The design and 
synthesis of such compounds are within the skill of those in the art. 

In another specific embodiment, the S-(L) n -B compound represented by 
PTH(l-9)-(Gly) 5 -PTH(15-31) or PTHrP(l-9)-(Gly) 5 -PTHrP(15-31) may be 
altered by the substitution of any L or D amino acid stereoisomer, natural or 
synthetic. Such substitutions may be made in either the S or B peptide wherein 
no more than four amino acids are changed or substituted. The design and 
synthesis of such compounds are within the skill of those in the art. 

In another specific embodiment, the S-(L) n -B compound represented by 
PTH(l-9)-(Gly) 5 -PTH(15-31) or PTHrP(l-9)-(Gly) 5 -PTHrP(15-31) may be 
altered by the substitution of any L or D amino acid stereoisomer, natural or 
synthetic. Such substitutions may be made in either the S or B peptide wherein 
no more than five amino acids are changed or substituted. The design and 
synthesis of such compounds are within the skill of those in the art. 

As those skilled in the art would know, other substitutions may be made 
inPTH(l-9)-(Gly) 5 -PTH(15-31) orPTHrP(l-9)-(Gly) 5 -PTHrP(15-31) such that 
all nine residues of the S peptide and all seventeen residues of the B peptide are 
substituted in pursuit of agonists of PTH receptor activity. 
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Additionally, another embodiment of the invention may use PTH (1-1 1) 
(Ala Val Ser Glu He Gin Leu Met His Asn Leu (SEQ ID NO: 46) where a 
signaling peptide ("S") is called for. 

The PTH-1 receptor is a member of the family B subgroup of G protein- 
5 coupled receptors, which also includes the receptors for calcitonin and secretin 

(Kolakowski, L. R, "GCRDb: A G-Protein-Coupled Receptor Database," 
Receptors and Channels 2:1-7 (1994)). Mutagenesis and crosslinking studies 
have indicated that multiple domains of these receptors contribute to ligand 
interaction, including the large amino-terminal extracellular domain, the 

10 extracellular loops and the transmembrane helices (Juppner, H., et aL, 

Endocrinology 734:879-884 (1994); Lee, C, et aL, Mol Endo. 9:1269-1278 
(1995); Turner, P., et aL, J. Bone Min. Res. 72<7; Abstract 121 (1997); 
Dautzenberg, R, et aL, Proc. NatL Acad, Set 95:4941-4946 (1998); Holtmann, 
M., etaL, J. Biol. Chem. 270: 14394-14398 (1995); DeAlmeida, V. and Mayo, K., 

15 Mol. Endo. 72:750-765 (1998); Stroop, S.,etaL,Biochem. 34:1050-1057 (1994); 

Zhou, A., etaL, Proc. NatL Acad Set USA 94:3644-3649 (1997); Bisello, A., et 
aL, J. Biol. Chem. 273:22498-22505 (1998)). Studies using PTH/calcitonin 
chimeric receptors and hybrid ligands have suggested a general topology of the 
interaction in which the amino-terminal extracellular domain of the receptor 

20 recognizes the carboxyl-terminal binding domain of the ligand, while the "core" 

region of the receptor containing the seven transmembrane helices and connecting 
loops recognizes the amino-terminal signaling portion of the ligand (Bergwitz, C, 
etaL, J. Biol. Chem. 277:26469-26472(1996)). Similar conclusions were derived 
from earlier receptor chimera studies (Juppner , H. , et aL , Endocrinology 134: 879- 

25 884 (1994); Stroop, S., etaL, Biochem. 34:1050-1057 (1994); Gardella, T.J., et 

aL, Endocrinology 135: 1 1 86-1 194 (1994)) and from recent crosslinking studies 
with photoreactive PTH analogs (Bisello, A., et aL, J. Biol. Chem. 273:22498- 
22505 (1998); Mannstadt, M. ? et aL, J. Biol. Chem. 273:16890-16896 (1998)), 
Some recognition determinants for the family B receptors have been identified in 

30 the amino-terminal extracellular domain, the extracellular loops and the 
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transmembrane helices (Turner, P., et aL, Single Mutations Allow the PTH-2 
Receptor to Respond to PTHrP J. Bone Min. Res. 12, Supplement 1, Abstract 
#121 (1997), Dautzenberg, F., etal 7 Proc. Natl Acad. Sci. 95:4941-4946 (1998), 
Holtmann, M, etalj. Biol Chem. 270:14394-14398 (1995), Gardella, T.J., et 
aL, Endrocrinology 735:1186-1194 (1994); Bergwitz, C, etal, X Biol Chem, 
272:28861-28868; Turner, P.R., et al., J. Biol Chem. 27/(7^:9205-9208 
(1996)). Thus, G protein coupled receptor ligand systems, and the B family in 
particular, function through similar ligand/receptor interactions as the PTH/PTH 
receptor system. 

In another embodiment of the invention, the general formula S-(L) n -B 
composition of the invention may be extended to other ligand/receptor family 
members of which PTH is a member, e.g., calcitonin, secretin, etc. In Figure 2, 
the amino-terminal sequence of several ligands in this family is presented. Such 
information is useful in the design of functional domain conjugate peptides (S- 
(L) n -B) for these ligands. Those skilled in the art are knowledgeable in the 
properties of the sequences presented and may select S peptides and B peptides 
from the sequence provided in Figure 3. 

In accordance with another aspect of the present invention, substituents 
may be attached to the free amine of the N-terminal amino acid of S-(L) n -B 
compounds of the invention or derivatives thereof by standard methods known in 
the art in the making of a bioactive peptide. For example, alkyl groups, e.g., C M2 
alkyl, may be attached using reductive alkylation. Hydroxyalkyl groups, e.g. C U2 
hydroxyalkyl, may also be attached using reductive alkylation wherein the free 
hydroxy group is protected with a t-butyl ester. Acyl groups, e.g., COE 1? may be 
attached by coupling the free acid, e.g., EiCOOH, to the free amino of the 
^/-terminal amino acid. Also contemplated within the scope of this invention are 
those S-(L) n -B compounds of the invention or derivatives thereof that alter 
secondary or tertiary structure, or stability of S-(L) n -B compounds of the 
invention or derivatives thereof which still retain biological activity. Such 
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derivatives might be achieved through lactam cyclization, disulfide bonds, or 
other means known to a person of ordinary skill in the art. 

In the above general structure, S-(L) n -B, L is a linker sequence of any 
useful length. Preferably it is an amino acid residue (L) n , wherein n is an integer 
5 greater than or equal to 1 , preferably an integer of from 5 to 9. Where two or more 

residues are present, they may be the same or different. The amino acid(s) of 
which the spacer sequence is comprised may be any of those well-known to those 
skilled in the art, either essential or non-essential. For example, L may be, either 
alone or in combination, glycine, arginine, glutamic acid, lysine, aspartic acid, 

10 valine, cysteine, leucine, isoleucine, norleucine, methionine, histidine, proline, 

tryptophan, tyrosine, asparagine, glutamine, serine, threonine, alanine, glycine, or 
phenylalanine. Preferred amino acid residues for use as a linker sequence in the 
practice of the present invention are, either alone or in combination, glycine, 
norleucine, tyrosine, aspartic acid, lysine, leucine, and phenylalanine. 

15 L may also be an aliphatic diamine, preferably an aliphatic diamine from 

1 to 6 carbon atoms, e.g., methylene diamine, ethylene diamine, propylene 
diamine, tetramethylene diamine, pentamethylene diamine, and hexamethylene 
diamine. Additionally L may be an aliphatic diamine having from 4 to 6 carbon 
atoms, e.g., tetramethylene diamine (also known as cadaverine), pentamethylene 

20 diamine (also known as putrescine, hereinafter Pu), and hexamethylene diamine. 

Other linker molecules will be known to those skilled in the art and may 
be utilized for (L) n in the general formula S-(L) n -B for the making of bioactive 
peptides of the invention. 

3. Screen for S-(L) n -B Activity on PTH Receptor 

25 Functional characterization of the biological properties of the S-(L) n -B 

compounds of the invention and derivatives thereof may be performed by 
bioassays that measure ligand-stimulated cAMP accumulation. 
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A. Stimulation of Cyclic AMP Accumulation by S-(L) n -B 
Compounds of the Invention 

Intracellular cAMP accumulation is measured as described previously 
(Abou-Samra et aL, J, Biol Chem. 262:112% 1986). Cells grown in 24-well 
plates are rinsed with culture medium containing 0.1% BS A and 2 mM IBMX. 
The cells are then incubated with an S-(L) n -B compound or derivatives thereof for 
60 min. at 21 °C. The supernatant is removed and the cells immediately frozen by 
placing the whole plate in dry ice powder. Intracellular cAMP is extracted by 
thawing the cells in 1 ml of 50 mM HC1 and analyzed by a specific 
radioimmunoassay using an anti-cAMP antibody (e.g., Sigma, St. Louis, Mo). A 
cAMP analog (2-O-monosuccinyl-adenosine 3*:5'-cyclic monophosphate tyrosyl 
methyl ester, obtained from Sigma) which is used a tracer for cAMP is iodinated 
by the chloramine T method. Free iodine is removed by adsorbing the iodinated 
cAMP analog onto a CI 8 Sep-pak cartridge (Waters, Milford, Mass.). After 
washing with dH 2 0, the iodinated cAMP analog is eluted from the Sep-pak 
Cartridge with 40% acetonitrille (ACN) and 0. 1% trifluoroacetic acid (TFA). The 
iodinated cAMP analog is lyophilized, reconstituted in 1 ml 0.1% TFA, and 
injected into a CI 8 reverse phase HPLC column (Waters). The column is 
equilibrated with 10% ACN in 0.1% TFA, and eluted with gradient of 10-30% 
ACN in 0.1% TFA. This allows separation of the mono-iodinated cAMP analog 
from the non-iodinated cAMP analog. The tracer is stable for up to 4 months 
when stored at - 20°C. The standard used for the assay, adenosine 3*:5'-cyclic 
monophosphate, may be purchased from Sigma. Samples (1-10 82 1 of HC1 
extracts) or standards (0.04-100 fmol/tube) are diluted in 50 mMNa-acetate (pH 
5.5), and acetylated with 10 ^1 of mixture of triethylamine and acetic anhydride 
(2: 1 vol: vol). After acetylation, cAMP antiserum (100 ^1) is added from a stock 
solution (1:4000) made in PBS (pH 7.4), 5 mM EDTA and 1% normal rabbit 
serum. The tracer is diluted in PBS (pH 7.4) with 0. 1% BSA, and added (20,000 
cpm/tube). The assay is incubated at 4°C. overnight. The bound tracer is 
precipitated by adding 100 \i\ of goat anti-rabbit antiserum (1:20 in PBS) and 1 
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ml of 7% polyethyleneglycol (MW 5000-6000), centrifuging at 2000 rpm for 30 
min. at 4°C. The supernatant is removed and the bound radioactivity is counted 
in a gamma-counter (Micromedic). To compute the cAMP data, logit calculations 
are performed in Excel spreadsheets. Typically, the assay sensitivity is 0.1 
5 fmol/tube, and the standard concentration that displaces 50% of tracer is 5 

fmol/tube. 

B. Binding ofS-fc) n -B Compounds of the Invention or Derivatives 
Thereof to Cloned Receptors Expressed on COS Cells 

In addition to the cAMP accumulation assay described below, it is possible 
10 that S-(L) n -B compounds of the invention or derivatives thereof may also be 

iodinated and used in a radioreceptor-based assay in transiently transfected COS 
cells. COS-7 cells are grown in 15 cm plates in DMEM, 10% heat-inactivated 
FBS, 10 mg/L gentamycin until 80-90% confluent. Twenty-four hours after 
transfectionby the DEAE/Dextran method (Sambrook etal y supra), with l-2|ig 
1 5 of plasmid DNA, the cells are trypsinized and replated in multiwell plastic dishes 

(16 or 35 mm diameter, Costar, Cambridge, Mass.) at a cell concentration of 5 x 

10 4 cells/cm 2 . Cell number increased only slightly after transfection. After 
continuing culture for another 48 h, radioreceptor assays are performed. The 
culture medium is replaced with buffer containing 50 mM Tris-HCL (pH 7.7), 1 00 

20 mM NaCl, 2 mM CaCl 2 , 5 mM KCL, 0.5% heat-inactivated fetal bovine serum 

(GmCO), and 5% heat-inactivated horse serum (KC Biological Inc., Lenexa, 
Kans.) immediately before studies are initiated. Unless otherwise indicated, 
studies are conducted with cells incubated in this buffer at 1 5 ° C. for 4 h with 4 x 

10 5 cpm/ml (9.6 x 10" 11 M) of 125 I-labeled [Ala^PTHO-M) amide or 125 I4abeled 
25 [Nle 8 ]PTH(l-14). Alternatively, more convention radioligands such as 

[nel8,21,Tyr34]-rPTH(l-34)NH 2 may also be used. 



4. Vectors, Host Cells, and Recombinant Expression 

The present invention also relates to vectors that comprise a S-(L) n -B 
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polynucleotide of the present invention, i.e. polynucleotides that encode the 
polypeptides of the invention. Such polynucleotide sequences are easily designed 
by those skilled in the art using the S-(L) n -B peptide sequences provided herein. 
Host cells which are genetically engineered with vectors of the invention may be 
used in the production of S-(L) n -B polypeptides of the invention by recombinant 
techniques. Cell-free translation systems can also be employed to produce such 
proteins using RNAs derived from the DNA constructs of present invention. 

For recombinant production, host cells can be genetically engineered to 
incorporate expression systems or portions thereof for S-(L) n -B polynucleotides 
of the present invention. Introduction of polynucleotides into host cells can be 
effected by methods described in many standard laboratory manuals, such as Davis 
et al, Basic Methods in Molecular Biology (1986) and Sambrook et aL, 
Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, N.Y. (1989) such as calcium phosphate 
transfection, DEAE-dextran mediated transfection, transvection, microinjection, 
cationiclipid-mediatedtransfection, electroporation, transduction, scrape loading, 
ballistic introduction or infection. 

Representative examples of appropriate hosts include bacterial cells, such 
as streptococci, staphylococci, E. coli, Streptomyces and Bacillus subtilis cells; 
fungal cells, such as yeast cells and Aspergillus cells; insect cells such as 
Drosophila S2 and Spodoptera Sf9 cells; animal cells such as CHO, COS, HeLa, 
C127, 3T3, BHK, 293 and Bowes melanoma cells; and plant cells. 

A great variety of expression systems can be used. Such systems include, 
among others, chromosomal, episomal and virus-derived systems, e.g., vectors 
derived from bacterial plasmids, from bacteriophage, from transpo sons, from yeast 
episomes, from insertion elements, from yeast chromosomal elements, from 
viruses such as baculoviruses, papova viruses, such as SV40, vaccinia viruses, 
adenoviruses, fowl pox viruses, pseudorabies viruses, and retroviruses, and 
vectors derived from combinations thereof, such as those derived from plasmid 
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and bacteriophage genetic elements, such as cosmids and phagemids. The 
expression systems may contain control regions that regulate as well as engender 
expression. Generally, any system or vector suitable to maintain, propagate or 
express polynucleotides to produce a polypeptide in a host may be used. The 
appropriate nucleotide sequence may be inserted into an expression system by any 
of a variety of well-known and routine techniques, such as, for example, those set 
forth in Sambrook et aL, Molecular Cloning: A Laboratory Manual (supra). 

RNA vectors may also be utilized for the expression of the nucleic acids 
encoding S-(L) n -B compounds or derivatives thereof disclosed in this invention. 
These vectors are based on positive or negative strand RNA viruses that naturally 
replicate in a wide variety of eukaryotic cells (Bredenbeek, P J. & Rice, CM., 
Virology 3: 297-310, 1992). Unlike retroviruses, these viruses lack an 
intermediate DNA life-cycle phase, existing entirely in RNA form. For example, 
alpha viruses are used as expression vectors for foreign proteins because they can 
be utilized in a broad range of host cells and provide a high level of expression; 
examples of viruses of this type include the Sindbis virus and Semliki Forest virus 
(Schlesinger, S., TIBTECH 1 1:18-22, 1993; Frolov, L, et aL 7 Proc. Natl. Acad. 
Sci. (USA) 93: 11371-11377, 1996). As exemplified by Invitrogen's Sinbis 
expression system, the investigator may conveniently maintain the recombinant 
molecule in DNA form (pSinrepS plasmid) in the laboratory, but propagation in 
RNA form is feasible as well. In the host cell used for expression, the vector 
containing the gene of interest exists completely in RNA form and may be 
continuously propagated in that state if desired. 

For secretion of the translated protein into the lumen of the endoplasmic 
reticulum, into the periplasmic space or into the extracellular environment 
appropriate secretion signals may be incorporated into the desired S-(L) n -B 
polypeptide. These signals may be endogenous to the polypeptide or they may be 
heterologous signals. 

The expression of a DNA sequence requires that the DNA sequence be 
"operably linked" to DNA sequences which contain transcriptional and 
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translational regulatory information. An operable linkage is a linkage in which the 
control or regulatory DNA sequences and the DNA sequence sought to be 
expressed are connected in such a way as to permit gene expression. The precise 
nature of the "control regions" needed for gene expression may vary from 
organism to organism, but shall in general include a promoter region which, in 
prokaryotic cells, contains both the promoter (which directs the initiation of RNA 
transcription) as well as DNA sequences which, when transcribed into RNA, will 
signal the initiation of protein synthesis. Regulatory regions in eukaryotic cells 
will in general include a promoter region sufficient to direct the initiation of RNA 
synthesis. 

Two DNA sequences are said to be operably linked if the nature of the 
linkage between the two DNA sequences does not (1) result in the introduction 
of a frameshift mutation, (2) interfere with the ability of the promoter region 
sequence to direct the transcription of the fusion protein-encoding sequence or (3) 
interfere with the ability of the fusion protein-encoding sequence to be transcribed 
by the promoter region sequence. Thus, a promoter region would be operably 
linked to a DNA sequence if the promoter were capable of transcribing that DNA 
sequence. 

The joining of various DNA fragments, to produce the expression vectors 
of this invention is performed in accordance with conventional techniques, 
employing blunt-ended or staggered-ended termini for ligation, restriction enzyme 
digestion to provide appropriate termini, filling in of cohesive ends as appropriate, 
alkali and phosphatase treatment to avoid undesirable joining, and ligation with 
appropriate ligates. In the case of a fusion protein, the genetic construct encodes 
an inducible promoter which is operably linked to the 5' gene sequence of the 
fusion protein to allow efficient expression of the fusion protein. 

To express S-(L) n -B compounds of the invention or a derivative thereof 
in a prokaryotic cell (such as, for example, E. coli, B. subtilis, Pseudomonas, 
Streptomyces, etc.), it is necessary to operably link the SEQ ID NO: 1-encoding 
DNA sequence to a functional prokaryotic promoter. Such promoters may be 
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either constitutive or, more preferably, regulatable (i.e., inducible or 
derepressible). Examples of constitutive promoters include the int promoter of 
bacteriophage X, the bla promoter of the p-lactamase gene of pBR322, and the 
CAT promoter of the chloramphenicol acetyl transferase gene of pBR325, etc. 
Examples of inducible prokaryotic promoters include the major right and left 
promoters of bacteriophage \, (PL and PR), the tip, recA. lacZ. lad. and gal 
promoters ofE. coli, the a-amylase (Ulmanen, I. etal, J. Bacteriol 162: 176-1 82 

(1985) ), and the a-28-specific promoters of B. subtilis (Gilman, M. Z. etal, Gene 
32:11-20 (1984)), the promoters of the bacteriophages ofBacillius (Gryczan, T. 
J., In: The Molecular Biology of the Bacilli, Academic Press, Inc., NY (1982)), 
and Streptomyces promoters (Ward, J. M. et al, Mol Gen. Genet 203:468-478 

(1986) ). Prokaryotic promoters are reviewed by Glick, B. R., J. Ind Microbiol 
7:277-282 (1987); Cenatiempo, Y., Biochimie 55:505-516 (1986)); and 
Gottesman, S.,Ann. Rev. Genet 75:415-442 (1984)). 

The preferred prokaryotic promoter for this invention is the E. coli trp 
promoter, which is inducible with indole acrylic acid. 

If expression is desired in a eukaryotic cell, such as yeast, fungi, 
mammalian cells, or plant cells, then it is necessary to employ a promoter capable 
of directing transcription in such a eukaryotic host. Preferred eukaryotic 
promoters include the promoter of the mouse metallothionein I gene (Hamer, D. 
et al, J. Mol Appl Gen. 7:273-288 (1982)); the TK promoter of Herpes virus 
(McKnight, S., Cell 37:355-365 (1982)); the SV40 early promoter (Benoist, C, 
etal, Nature (London) 220:304-310 (1981)); and the yeast gal4 gene promoter 
(Johnston, S. A., et al, Proc. Natl Acad Set (USA) 7P:6971-6975 (1982); 
Silver, P. A, etal, Proc. Natl Acad. Sci. (USA) 57:5951-5955 (1984)). 

Preferably, the introduced gene sequence will be incorporated into a 
plasmid or viral vector capable of autonomous replication in the recipient host. 
Any of a wide variety of vectors may employed for this purpose. Factors of 
importance in selecting a particular plasmid or viral vector include: the ease with 
which recipient cells that contain the vector may be recognized and selected from 
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those recipient cells which do not contain the vector; the number of copies of the 
vector which are desired in a particular host; and whether it is desirable to be able 
to "shuttle" the vector between host cells of different species. 

Preferred prokaryotic vectors include plasmids such as those capable of 
replicationinE. coli (such as, for example, pBR322, ColEl, pSClOl, pACYC 184, 
71 VX. Such plasmids are, for example, disclosed by Maniatis, T., et al, In: 
Molecular Cloning, A Laboratory Manual, Cold Spring Harbor Press, Cold 
Spring Harbor, NY (1982)). Preferred plasmid expression vectors include the 
pGFP-1 plasmid described in Gardella et al, J. Biol Chem. 265:15854-15859 
(1989), or a modified plasmid based upon one of the pET vectors described by 
Studier and Dunn, Methods in Enzymology 185: 60-89 (1990). Bacillus plasmids 
include pC194, pC221, pT127, etc. Such plasmids are disclosed by Gryczan, T. 
In: The Molecular Biology of the Bacilli, Academic Press, NY pp. 307-329 
(1982). Suitable Streptomyces plasmids include pIJIOI (Kendall, K. J. et al, J. 
Bacteriol 169A\ll-4\%3 (1987)), and streptomyces bacteriophages such as 
<j)C3 1 (Chater, K. F. et al, In: Sixth International Symposium onActinomycetales 
Biology, AkademiaiKaido, Budapest, Hungary, pp. 45-54 (1986)). Pseudomonas 
plasmids are reviewed by John, J. F. et al, Rev. Infect Dis. 5:693-704 (1986)), 
and Izaki, K., Jon. J. Bacteriol 33:729-742 (1978)). 

Preferred eukaryotic expression vectors include, without limitation, BPV, 
vaccinia, 2-micron circle etc. Such expression vectors are well known in the art 
(Botstein, D., et al, Miami Wntr. Symp. 79:265-274 (1982); Broach, J. R., In: 
The Molecular Biology of the Yeast Saccharomyces: Life Cycle and Inheritance, 
Cold Spring Harbor Laboratory, Cold Spring Harbor, NY pp. 445-470 (1981); 
Broach, J. R., Cell 25:203-204 (1982); Bollon, D. P., et al, J. Clin. Hematol 
Oncol 70:39-48 (1980); Maniatis, T., In: Cell Biology: A Comprehensive 
Treatise, Vol. 3, Gene Expression, Academic Press, NY, pp. 563-608 (1980)). 

In addition to microorganisms, cultures of cells derived from multicellular 
organisms may also be used as hosts. In principle, any such cell culture is 
workable, whether from vertebrate or invertebrate cellular sources. Interest, 
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however, has been greater with cells from vertebrate sources. Examples of useful 
vertebrate host cell lines are VERO and HeLa cells, Chinese hamster ovary (CHO) 
cell lines, WI3 8, BHK, COS-7, and MDCK cell lines. Expression vectors for such 
cells ordinarily include (if necessary) an origin of replication, a promoter located 
5 in front of or upstream to the gene to be expressed, along with any necessary 

ribosome binding sites, RNA splice sites, polyadenylation site, and transcriptional 
terminator sequences, 

For use in mammalian cells, the control functions on the expression vectors 
are often provided by viral material. For example, commonly used promoters are 

10 derived from polyoma, Adenovirus 2, Simian Virus 40 (SV40) and 

cytomegalovirus. The early and late promoters of SV40 virus are particularly 
useful because both are obtained easily from the virus as a fragment which also 
contains the SV40 vial origin ofreplication(Fierse?a/., Nature 273:113 (1978)). 
An origin of replication may be provided either by construction of the 

1 5 vector to include an exogenous origin, such as may be derived from S V40 or other 

viral (e.g. Polyoma, Adeno, VSV, BPV) source or may be provided by the host 
cell chromosomal replication mechanism. If the vector is integrated into the host 
cell chromosome, the latter is often sufficient. 

If cells without formidable cell membrane barriers are used as host cells, 

20 transfection is carried out by the calcium phosphate precipitation method as 

described by Graham and Van der Erb, Virology 52:546 (1 978). However, other 
methods for introducing DNA into cells, such as by nuclear injection or by 
protoplast fusion may also be used. In the case of gene therapy, the direct naked 
plasmid or viral DNA injection method, with or without transfection-facilitating 

25 agents such as, without limitation, liposomes, provides an alternative approach to 

the current methods of in vivo or in vitro transfection of mammalian cells. If 
prokaryotic cells or cells which contain substantial cell wall constructions are used, 
the preferred method of transfection is calcium treatment, using calcium chloride 
as described in Cohen et al, Proc. Natl Acad. Set USA 69:2110 (1972). 
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5. Utility and Administration of S~(L) n -B Compounds of the Invention or 
Derivatives Thereof 

S-(L) ft -B Compounds of the invention or derivatives thereof are useful for 
the prevention and treatment of a variety of mammalian conditions manifested by 
5 loss of bone mass. In particular, the compounds of this invention are indicated for 

the prophylaxis and therapeutic treatment of osteoporosis and osteopenia in 
humans. Furthermore, the compounds of this invention are indicated for the 
prophylaxis and therapeutic treatment of other bone diseases. The compounds 
of this invention are indicated for the prophylaxis and therapeutic treatment of 

1 0 hypoparathyroidism. Finally, the compounds of this invention are indicated for use 

as agonists for fracture repair and as antagonists for hypercalcemia. 

In general, S-(L) n -B compounds or derivatives thereof of this invention, 
or salts thereof, are administered in amounts between about 0.01 and 1 ng/kg 
body weight per day, preferably from about 0.07 to about 0.2 |ig/kg body weight 

1 5 per day. For a 50 kg human female subject, the daily dose of biologically active 

compounds of SEQ ID NO: 1 or derivatives thereof is from about 0. 5 to about 50 
lugs, preferably from about 3.5 to about 10 |igs. In other mammals, such as 
horses, dogs, and cattle, higher doses may be required. This dosage may be 
delivered in a conventional pharmaceutical composition by a single administration, 

20 by multiple applications, or via controlled release, as needed to achieve the most 

effective results, preferably one or more times daily by injection. For example, this 
dosage may be delivered in a conventional pharmaceutical composition by nasal 
insufflation. 

The selection of the exact dose and composition and the most appropriate 
25 delivery regimen will be influenced by, inter alia, the pharmacological properties 

of the selected S-(L) n -B compounds of the invention or derivatives thereof, the 
nature and severity of the condition being treated, and the physical condition and 
mental acuity of the recipient. 

Representative preferred delivery regimens include, without limitation, 
30 oral, parenteral (including subcutaneous, transcutaneous, intramuscular and 
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intravenous), rectal, buccal (including sublingual), transdermal, and intranasal 
insufflation. 

Pharmaceutically acceptable salts retain the desired biological activity of 
the S-(L) n -B compounds of the invention or derivatives thereof without toxic side 
effects. Examples of such salts are (a) acid addition salts formed with inorganic 
acids, for example hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric 
acid, nitric acid and the like; and salts formed with organic acids such as, for 
example, acetic acid, oxalic acid, tartaric acid, succinic acid, maleic acid, fumaric 
acid, gluconic acid, citric acid, malic acid, ascorbic acid, benzoic acid, tannic acid, 
pamoic acid, alginic acid, polyglutamic acid, naphthalenesulfonic acids, 
naphthalene disulfonic acids, polygalacturonic acid and the like; (b) base addition 
salts formed with polyvalent metal cations such as zinc, calcium, bismuth, barium, 
magnesium, aluminum, copper, cobalt, nickel, cadmium, and the like; or with an 
organic cation formed fromN,N'-dibenzylethylenediamine or ethylenediamine; or 
(c) combinations of (a) and (b), e.g., a zinc tannate salt and the like. 

A further aspect of the present invention relates to pharmaceutical 
compositions comprising as an active ingredient S-(L) n -B compounds of or 
derivatives thereof of the present invention, or pharmaceutically acceptable salt 
thereof, in admixture with a pharmaceutically acceptable, non-toxic carrier. As 
mentioned above, such compositions may be prepared for parenteral 
(subcutaneous, transcutaneous, intramuscular or intravenous) administration, 
particularly in the form of liquid solutions or suspensions; for oral or buccal 
administration, particularly in the form of tablets or capsules; for rectal, 
transdermal administration; and for intranasal administration, particularly in the 
form of powders, nasal drops or aerosols. 

The S-(L) n -B compositions may conveniently be administered in unit 
dosage form and may be prepared by any of the methods well-known in the 
pharmaceutical art, for example as described in Remington's Pharmaceutical 
Sciences, 17th ed., Mack Publishing Company, Easton, Pa., (1985), incorporated 
herein by reference. Formulations for parenteral administration may contain as 
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excipients sterile water or saline, alkylene glycols such as propylene glycol, 
polyalkylene glycols such as polyethylene glycol, oils of vegetable origin, 
hydrogenated naphthalenes and the like. For oral administration, the formulation 
can be enhanced by the addition of bile salts or acylcarnitines. Formulations for 
nasal administration may be solid and may contain excipients, for example, lactose 
or dextran, or may be aqueous or oily solutions for use in the form of nasal drops 
or metered spray. For buccal administration typical excipients include sugars, 
calcium stearate, magnesium stearate, pregelatinated starch, and the like. 

When formulated for the most preferred route of administration, nasal 
administration, the absorption across the nasal mucous membrane may be 
enhanced by surfactant acids, such as for example, glycocholic acid, cholic acid, 
taurocholic acid, ethocholic acid, deoxycholic acid, chenodeoxycholic acid, 
dehydrocholic acid, glycodeoxycholic acid, cyclodextrins and the like in an amount 
in the range between about 0.2 and 15 weight percent, preferably between about 
0.5 and 4 weight percent, most preferably about 2 weight percent. 

Delivery of the S-(L) n -B compounds of the present invention to the subject 
over prolonged periods of time, for example, for periods of one week to one year, 
may be accomplished by a single administration of a controlled release system 
containing sufficient active ingredient for the desired release period. Various 
controlled release systems, such as monolithic or reservoir-type microcapsules, 
depot implants, osmotic pumps, vesicles, micelles, liposomes, transdermal patches, 
iontophoretic devices and alternative injectable dosage forms may be utilized for 
this purpose. Localization at the site to which delivery of the active ingredient is 
desired is an additional feature of some controlled release devices, which may 
prove beneficial in the treatment of certain disorders. 

One form of controlled release formulation contains the polypeptide or its 
salt dispersed or encapsulated in a slowly degrading, non-toxic, non-antigenic 
polymer such as copoly(lactic/glycolic) acid, as described in the pioneering work 
of Kent, Lewis, Sanders, and Tice, U.S. Pat. No. 4,675,189, incorporated by 
reference herein. The compounds or, preferably, their relatively insoluble salts, 
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may also be formulated in cholesterol or other lipid matrix pellets, or silastomer 
matrix implants. Additional slow release, depot implant or injectable formulations 
will be apparent to the skilled artisan. See, for example, Sustained and Controlled 
Release Drug Delivery Systems, J. R. Robinson ed., Marcel Dekker, Inc., New 
5 York, 1978, and R. W. Baker, Controlled Release of Biologically Active Agents, 

John Wiley & Sons, New York, 1987, incorporated by reference herein. 

Like PTH, the S-(L) n -B variants may be administered in combination with 
other agents useful in treating a given clinical condition. When treating 
osteoporosis and other bone-related disorders for example, the S-(L) n -B variants 

10 may be administered in conjunction with a dietary calcium supplement or with a 

vitamin D analog (see U.S. Pat. No. 4,698,328). Alternatively, the S-(L) n -B 
variant may be administered, preferably using a cyclic therapeutic regimen, in 
combination with bisphosphonates, as described for example in U.S. Pat. No. 
4,761,406, or in combination with one or more bone therapeutic agents such as, 

1 5 without limitation, calcitonin and estrogen. 

V. Receptor-Signaling Activities ofS- (L) n -B Compounds of the Invention 
or Derivatives Thereof 

A crucial step in the expression of hormonal action is the interaction of 
hormones with receptors on the plasma membrane surface of target cells. The 
20 formation of hormone-receptor complexes allows the transduction of extracellular 

signals into the cell to elicit a variety of biological responses. 

A* Screening for PTH-1 Receptor Antagonists and Agonists 

S-(L) n -B polypeptides of the invention may be screened for their agonistic 
or antagonistic properties using the cAMP accumulation assay. Cells expressing 
25 PTH-1 receptor on the cell surface are incubated with native PTH(l-84) for 5-60 

minutes at 37 °C, in the presence of 2 mM IBMX (3-isobutyl-l-methyl-xanthine, 
Sigma, St. Louis, MO). Cyclic AMP accumulation is measured by specific 
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radio-immunoassay, as described above. An S-(L) n -B compound of the invention 
or a derivative thereof that competes with native PTH(l-84) for binding to the 
PTH-1 receptor, and that inhibits the effect of native PTH(l-84) on cAMP 
accumulation, is considered a competitive antagonist. Such a compound would 
5 be useful for treating hypercalcemia. 

Conversely, a An S-(L) n -B compound of the invention or a derivative 
thereof that does not compete with native PTH(l-84) for binding to the PTH-1 
receptor, but which still prevents native PTH(l-84) activation of cAMP 
accumulation (presumably by blocking the receptor activation site) is considered 
10 a non-competitive antagonist. Such a compound would be useful for treating 

hypercalcemia. 

An S-(L) n -B compound of the invention or a derivative thereof that 
competes with native PTH(l-84) for binding to the PTH-1 receptor, and which 
stimulates cAMP accumulation in the presence or absence of native PTH(l-84) 

15 is a competitive agonist. An S-(L) n -B compound of the invention or a derivative 

thereof that does not compete with native PTH(l-84) for binding to the PTH-1 
receptor but which is still capable of stimulating cAMP accumulation in the 
presence or absence of native PTH(l-84), or which stimulates a higher cAMP 
accumulation than that observed by a compound of SEQ ID NO: 1 or a derivative 

20 thereof alone, would be considered a non-competitive agonist. 

6. Therapeutic Uses of S-(L) n -B Compounds of the Invention or 
Derivatives Thereof 

Some forms of hypercalcemia and hypocalcemia are related to the 
interaction between PTH and PTHrP and the PTH-1 and PTH-2 receptors. 
25 Hypercalcemia is a condition in which there is an abnormal elevation in serum 

calcium level; it is often associated with other diseases, including 
hyperparathyroidism, osteoporosis, carcinomas of the breast, lung and prostate, 
epidermoid cancers of the head and neck and of the esophagus, multiple myeloma, 
and hypernephroma. Hypocalcemia, a condition in which the serum calcium level 
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is abnormally low, may result from a deficiency of effective PTH, e.g. 5 following 
thyroid surgery. 

Nucleic acids of the invention which encode an S-(L) n -B compound of the 
invention or derivatives thereof may also be linked to a selected tissue-specific 
5 promoter and/or enhancer and the resultant hybrid gene introduced, by standard 

methods (e.g., as described by Leder et al. y U.S. Pat. No. 4,736,866, herein 
incorporated by reference), into an animal embryo at an early developmental stage 
(e.g., the fertilized oocyte stage), to produce a transgenic animal which expresses 
elevated levels of an S-(L) n -B compound of the invention or derivatives thereof 

10 in selected tissues (e.g. , the osteocalcin promoter for bone). Such promoters are 

used to direct tissue-specific expression of compounds of SEQ ID NO: 1 or 
derivatives thereof in the transgenic animal. 

In addition, any other amino-acid substitutions of a nature, which do not 
destroy the ability of the an S-(L) n -B compound of the invention to antagonize 

15 or agonize the PTH-l/PTH-2 receptor (as determined by assays known to the 

skilled artisan and discussed below), are included in the scope of the present 
invention. 

By "agonist" is intended a ligand capable of enhancing or potentiating a 
cellular response mediated by the PTH-1 receptor. By "antagonist" is intended a 

20 ligand capable of inhibiting a cellular response mediated by the PTH-1 receptor. 

Whether any candidate "agonist 11 or "antagonist" of the present invention can 
enhance or inhibit such a cellular response can be determined using art-known 
protein ligand/receptor cellular response or binding assays, including those 
described elsewhere in this application. 

25 In accordance with yet a further aspect of the invention, there is provided 

a method for treating a medical disorder that results from altered or excessive 
action of the PTH-1 receptor, comprising administering to a patient a 
therapeutically effective amount of an S-(L) n -B compound of the invention or a 
derivative thereof sufficient to inhibit activation of the PTH-1 receptor of said 

30 patient. 
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In this embodiment, a patient who is suspected of having a disorder 
resulting from altered action of the PTH-1 receptor may be treated using an S- 
(L) n -B compound of the invention or derivatives thereof of the invention which are 
a selective antagonists of the PTH-1 receptor. Such antagonists include an S- 
5 (L) n -B compound of the invention or derivatives thereof of the invention which 

have been determined (by the assays described herein) to interfere with PTH-1 
receptor-mediated cell activation or other derivatives having similar properties. 

To administer the antagonist, the appropriate an S-(L) n -B compound of 
the invention or a derivative thereof is used in the manufacture of a medicament, 

10 generally by being formulated in an appropriate carrier or excipient such as, e.g., 

physiological saline, and preferably administered intravenously, intramuscularly, 
subcutaneously, orally, or intranasally, at a dosage that provides adequate 
inhibition of an S-(L) n -B compound of the invention or a derivative thereof 
binding to the PTH-1 receptor. Typical dosage would be 1 ng to 10 mg of the 

1 5 peptide per kg body weight per day. 

In accordance with yet a further aspect of the invention, there is provided 
a method for treating osteoporosis, comprising administering to a patient a 
therapeutically effective amount of an S-(L) n -B compound of the invention or a 
derivative thereof, sufficient to activate the PTH-1 receptor of said patient. 

20 Similar dosages and administration as described above for the PTH/PTHrP 

antagonist, may be used for administration of a PTH/PTHrP agonist, e.g., for 
treatment of conditions such as osteoporosis, other metabolic bone disorders, and 
hypoparathyroidism and related disorders. 

It will be appreciated to those skilled in the art that the invention can be 

25 performed within a wide range of equivalent parameters of composition, 

concentration, modes of administration, and conditions without departing from the 
spirit or scope of the invention or any embodiment thereof. 

7. Novel PTH Receptor Molecules of the Invention 

In one embodiment, the invention provides nucleic acid and polypeptide 
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sequences for novel PTH receptor molecules that are useful for the identification 
of agonists and antagonists of PTH receptor function. 

Thus in one specific embodiment, the invention provides novel 
ligand/receptor chimeric molecules, referred to herein as tethered ligand/receptor 
molecules. This aspect of the invention advances the art by establishing that the 
majority of the extracellular amino-terminal domain of the PTH-1 receptor is not 
absolutely required for ligand signaling as measured by cAMP production. This 
result is unexpected given that there are six highly conserved cysteine residues 
present in the extracellular domain that ostensibly constrain the molecule 
structurally. Moreover, the "tethering" of ligand peptide to the deletion mutant 
rSNt amino-terminus provides an unanticipated and surprising result of creating 
an auto-stimulating receptor molecule that will be useful in the identification of 
agonists and antagonists of PTH receptor function. Since the majority of known 
antagonists of the PTH receptor bind to the carboxyl-terminal fragment of the 
ligand, Tether 1 should prove useful in the identification of antagonists that act on 
the amino-terminal or signaling domain of the ligand. 

The general formula of the tethered ligand/receptor of the invention is R x - 
S-(L) n -R, wherein Rj is the PTH-1 receptor signal sequence; S is an amino- 
terminal ligand signaling peptide; L is a linker molecule present N times, where N 
is a positive integer 1-10, most preferably 4, and R is PTH-1 receptor sequence. 
It should be clear that in instances where specific examples of tethered receptors 
are mentioned below, such as for example Tether- 1 ? other tethered receptors may 
be substituted, such as, but not limited to, for example [Rl 1]-Tether(l-1 1) 

In a specific embodiment, the invention provides Tether- 1 (also referred 
to as Tether(l-9)) presented in Figure 7 (SEQ ID NO:36). The R r S-(L) n -R 
composition formula for Tether-1 is defined as R x being PTH-1 receptor(l-25) 
peptide; S being the PTH(l-9) peptide; L being Gly, wherein N is 4; and R is the 
PTH-1 receptor (182-end). Thus, the entire sequence is defined as the following: 
PTH-1 receptor(l-25)-PTH(l-9)-(Gly) 4 -PTH-l receptor( 182-end). 
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The invention also covers the mature form of the Tether- 1 receptor, 
defined by the formula S-(L) n -R, wherein the R x moiety has been cleaved by signal 
processing. 

Tether- 1 receptor may be constructed using common knowledge in the art 
of molecular biology. Substitution of the PTH(l-9) (SEQ ID NO:l) amino- 
terminal fragment for the wild-type sequence represented by amino acid residues 
26-181 of the native rat PTH-1 receptor is easily accomplished. The resultant 
clone will have the structure of Tether- 1, wherein amino acid residues 1-22 
represent a signal peptide that is cleaved. It should be noted that Tyr 23 was 
originally believed to be the site of cleavage, but the evidence indicates that this 
residue remains attached and cleavage occurs between position 22 and 23; the 
removal of this Tyr 23 residue may provide increased activity for the peptides 
described herein. 

In another specific embodiment, the invention provides the Tether- 1C 
receptor, which is similar to the Tether- 1 receptor except that there is a truncation 
of the intracellular carboxy-terminal domain, an area that is thought to be 
important in the down regulation of the receptor, possibly through a 
phosphorylation mechanism. The structure of Tether- 1C is identical to Tether- 1 
with the exception of a stop codon being introduced at amino acid position 481 
of the PTH-1 receptor moiety. This receptor should increase sensitivity of 
screening for agonists and enable a more pure screen of agonists acting at the 
signaling/transmembrane region of the ligand/receptor complex. 

In another specific embodiment, the invention provides the r5Nt/Ct 
receptor, a double mutant receptor lacking the extracellular amino terminal 
domain of the receptor, important for ligand interaction, and the intracellular 
carboxy-terminal domain of the receptor, important for down regulation. 

Thus, the novel receptors of the invention should be important for the 
identification of novel agonists and antagonists of the PTH receptor function. 
Such agonists or antagonists may be variants of the PTH ligand or structurally 
different mimetics. 
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a) Novel Receptor Nucleic Acid Molecules 

Unless otherwise indicated, all nucleotide sequences determined by 
sequencing a DNA molecule herein were determined by manual sequencing, and 
all amino acid sequences of polypeptides encoded by DNA molecules determined 
5 herein were predicted by translation of a DNA sequence determined as above. 

Therefore, as is known in the art for any DNA sequence determined by this 
approach, any nucleotide sequence determined herein may contain some errors. 
Nucleotide sequences determined by manual sequencing are typically at least about 
95% to at least about 99.9% identical to the actual nucleotide sequence of the 

10 sequenced DNA molecule. As is also known in the art, a single insertion or 

deletion in a determined nucleotide sequence compared to the actual sequence will 
cause a frame shift in translation of the nucleotide sequence such that the predicted 
amino acid sequence encoded by a determined nucleotide sequence will be 
completely different from the amino acid sequence actually encoded by the 

1 5 sequenced DNA molecule, beginning at the point of such an insertion or deletion. 

Using the information provided herein, such as the nucleotide sequence in 
Figures 7, 9 and 10, a nucleic acid molecule of the present invention encoding a 
Tether- 1 receptor, Tether- 1C receptor, and rSNt/Ct receptor polypeptide, 
respectively, may be obtained using standard techniques. Cloning and screening 

20 procedures are known for the isolation of the wild-type PTH1R sequence, such 

as those for cloning cDNAs using mRNA as starting material. Subsequent to 
cloning the wild-type receptor, the appropriate deletion in the sequence may be 
made as described herein. Illustrative of the invention, the nucleic acid molecule 
described in SEQ ID NO:36, SEQ ID NO:38 and SEQ ID NO:40 was obtained 

25 by using standard restriction enzyme digestion and cloning techniques in the art. 

The determined nucleotide sequences of Tether- 1 receptor (SEQ ED NO:36), 
Tether-lC receptor (SEQ ID NO10), and rSNt/Ct (SEQ ID NO:40) contains an 
open reading frame encoding a protein predicted leader sequence of about 22 
amino acid residues. The amino acid sequence of the predicted mature Tether- 1 
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receptor, Tether- 1C receptor, and r8Nt/Ct receptor is shown in Figures 7, 9 and 
10. 

As indicated, the present invention also provides the mature form(s) of the 
Tether- 1 receptor, Tether- 1C receptor, and r5Nt/Ct receptor of the present 
invention. According to the signal hypothesis, proteins secreted by mammalian 
cells have a signal or secretory leader sequence which is cleaved from the mature 
protein once export of the growing protein chain across the rough endoplasmic 
reticulum has been initiated. Most mammalian cells and even insect cells cleave 
secreted proteins with the same specificity. However, in some cases, cleavage of 
a secreted protein is not entirely uniform, which results in two or more mature 
species on the protein. Further, it has long been known that the cleavage 
specificity of a secreted protein is ultimately determined by the primary structure 
of the complete protein, that is, it is inherent in the amino acid sequence of the 
polypeptide. Therefore, in one embodiment the present invention provides , for 
example, a nucleotide sequence encoding the mature Tether- 1 receptor, Tether- 1C 
receptor, and r6Nt/Ct receptor polypeptides having the amino acid sequences of 
SEQ ID NO:37, SEQ ID NO:39 and SEQ ID NO:41 respectively. Additional 
embodiments may include the nucleotide sequences encoded by any of the 
deposited plasmids. Embodiments of the claimed invention may be drawn for 
example to human or rat receptor sequences. 



Several plasmids encoding receptors have been deposited as follows: 



Strain # 




Receptor 


TG-98 


E.coli MC1061/P3/Flac/p98 


rPlR-delNt 


TG-422 


E.coli MC1061/P3/Flac/p422 


rPlR-Tether-1 


TG-433 


E.coli MC1061/P3/p433 


hPlR-Tether-(l-9) 


TG-454 


E.coli MC1061/P3/Flac/p454 


hPlR-delNt 


TG-462 


E.coli MC1061/P3/Flac/p462 


hPlR-Tether[Rll]- 
(1-11) 
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TG-449 E.coli MC1061/P3/Flac/p449 hTether-lC 

(hTether-stop481) 
TG-376 E.coli MC1061/P3/Flac/p376 rPlRdelNt/Ct 

under the Budapest Treaty at the American Type Culture Collection, Manassas, 
5 Virginia deposited on December 28, 1999 and December 30, 1999 and given 

accession numbers . 

By the mature receptors, e.g. Tether-1 receptor (Tetherl-9 receptor), 
[Rl 1]-Tether(l-1 1) receptor, Tether-lC receptor, and rdelNt/Ct receptor protein 
having the amino acid sequence is meant the mature form(s) of the Tether-1 

10 receptor (Tether (1-9) receptor), Tether-lC receptor, [Rll]-Tether(l-ll) and 

rdelNt/Ct receptor produced by expression in a mammalian cell (e.g., COS cells, 
as described below) of the complete open reading frame encoded by the DNA 
sequence of the clone contained in the vector in the deposited host. As indicated 
below, the mature Tether-1 receptor, Tether-lC receptor, and rdNt/Ct receptor 

1 5 having the amino acid sequence encoded by cDNA clones, may or may not differ 

from the predicted "mature'Tether-1 receptor, Tether-lC receptor, and r8Nt/Ct 
receptor protein shown in for example, Figures 7, 9 and 10 depending on the 
accuracy of the predicted cleavage. 

Methods for predicting whether a protein has a secretory leader as well as 

20 the cleavage point for that leader sequence are available. For instance, the 

methods of McGeoch (Virus Res. 3:271-286 (1985)) and von Heinje (Nucleic 
Acids Res. 7^:4683-4690 (1986)) can be used. The accuracy of predicting the 
cleavage points of known mammalian secretory proteins for each of these methods 
is in the range of 75-80%. von Heinje, supra. However, the two methods do not 

25 always produce the same predicted cleavage point(s) for a given protein. A 

computational method may be found in the computer program "PSORT" (K. 
Nakai and M. Kanehisa, Genomics 14:897-911(1 992)), which is an expert system 
for predicting the cellular location of a protein based on the amino acid sequence. 
As part of this computational prediction of localization, the methods of McGeoch 

30 and von Heinje are incorporated. 
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In the present case, the predicted amino acid sequence of the complete 
Tether- 1 receptor, Tether- 1C receptor, and rSNt/Ct receptor polypeptide of the 
present invention was analyzed for structural properties by comparison to the rat 
PTH-1 receptor sequence. This analysis provided predicted a cleavage site 
between amino acids 22 and 23 in SEQ ID NO:37, SEQ ID NO:39 and SEQ ID 
NO:41. Thus, the leader sequence for the Tether-1 receptor, Tether- 1C receptor, 
and rSNt/Ct receptor protein is predicted to consist of amino acid residues 1-22 
in SEQ ID NO:37, SEQ ID NO:39 and SEQ ID NO:41 , while the predicted 
mature Tether-1 receptor, Tether-lC receptor, and rSNt/Ct receptor proteins 
begins at residues SEQ ID NO:37, SEQ ID NO:39 and SEQ ID NO:4L 

As indicated, nucleic acid molecules of the present invention may be in the 
form of RNA, such as mRNA, or in the form of DNA, including, for instance, 
cDNA and genomic DNA obtained by cloning or produced synthetically. The 
DNA may be double-stranded or single-stranded. Single-stranded DNA or RNA 
may be the coding strand, also known as the sense strand, or it may be the 
non-coding strand, also referred to as the anti-sense strand. 

As one of ordinary skill would appreciate, however, due to the possibilities 
of sequencing errors, the Tether-1 receptor, Tether-lC receptor, and r6Nt/Ct 
receptor polypeptide comprises about 435 amino acids, but may vary slightly in 
length; and the leader sequence of this protein is about 22 amino acids, but may 
be anywhere in the range of about 10 to about 30 amino acids. 

As indicated, nucleic acid molecules of the present invention may be in the 
form of RNA, such as mRNA, or in the form of DNA, including, for instance, 
cDNA and genomic DNA obtained by cloning or produced synthetically. The 
DNA may be double-stranded or single-stranded. Single-stranded DNA or RNA 
may be the coding strand, also known as the sense strand, or it may be the 
non-coding strand, also referred to as the anti-sense strand. 

By "isolated" nucleic acid molecule(s) is intended a nucleic acid molecule, 
DNA or RNA, which has been removed from its native environment. For 
example, recombinant DNA molecules contained in a vector are considered 
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isolated for the purposes of the present invention. Further examples of isolated 
DNA molecules include recombinant DNA molecules maintained in heterologous 
host cells or purified (partially or substantially) DNA molecules in solution. 
Isolated RNA molecules include in vivo or in vitro RNA transcripts of the DNA 
molecules of the present invention. Isolated nucleic acid molecules according to 
the present invention further include such molecules produced synthetically. 

Isolated nucleic acid molecules of the present invention include DNA 
molecules comprising an open reading frame (ORF) shown in SEQ ED NO: 3 6, 
SEQ ID NO:38 and SEQ ID NO:40; DNA molecules comprising the coding 
sequence for the Tether- 1 receptor, Tether- 1C receptor, and r6Nt/Ct receptor 
shown in SEQ ID NO:37, SEQ ID NO:39 and SEQ ID NO:41; and DNA 
molecules which comprise a sequence substantially different from those described 
above but which, due to the degeneracy of the genetic code, still encode the 
Tether-1 receptor, Tether- 1C receptor, and r5Nt/Ct receptor. Of course, the 
genetic code is well known in the art. Thus, it would be routine for one skilled in 
the art to generate such degenerate variants. 

In another aspect, the invention provides isolated nucleic acid molecules 
encoding the Tether-1 receptor, Tether- 1C receptor, and r8Nt/Ct receptor 
polypeptide having an amino acid sequence encoded by the cDNA clones of the 
invention. Preferably, the nucleic acid molecules may be encoded by the mature 
polypeptide encoded by the above-described deposited cDNA clones. In a further 
embodiment, a nucleic acid molecule is provided encoding the Tether- 1 receptor, 
Tether- 1C receptor, and r5Nt/Ct receptor polypeptide or the Tether-1 receptor, 
Tether- 1C receptor, and r8Nt/Ct receptor polypeptide lacking the N-terminal 
methionine. The invention also provides an isolated nucleic acid molecule having 
the nucleotide sequence shown in SEQ ID NO: 1 or the nucleotide sequence of the 
Tether-1 receptor, Tether-lC receptor, and r5Nt/Ct receptor cDNA contained in 
the above-described deposited clone, or a nucleic acid molecule having a sequence 
complementary to one of the above sequences. Such isolated molecules, 
particularly DNA molecules, are useful as probes for gene mapping, by in situ 
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hybridization with chromosomes, and for detecting expression of the Tether- 1 
receptor, Tether- 1C receptor, and r5Nt/Ct receptor gene in human tissue, for 
instance, by Northern blot analysis. 

The present invention is further directed to fragments of the isolated 
nucleic acid molecules described herein. By a fragment of an isolated nucleic acid 
molecule having the nucleotide sequence of the deposited cDNAs or the 
nucleotide sequence shown in SEQ ID NO:36, SEQ ID NO:38 and SEQ ID 
NO:40 is intended fragments at least about 15 nt, and more preferably at least 
about 20 nt, still more preferably at least about 30 nt, and even more preferably, 
at least about 40 nt in length which are useful as diagnostic probes and primers as 
discussed herein. Of course, larger fragments of about 50-1550 nt in length, and 
more preferably at fragments least about 600 nt in length are also useful according 
to the present invention as are fragments corresponding to most, if not all, of the 
nucleotide sequence of the deposited cDNAs or as shown in SEQ ID NO :3 6, SEQ 
ID NO:38 and SEQ ID NO:40. By a fragment at least 20 nt in length, for 
example, is intended fragments which include 20 or more contiguous bases from 
the nucleotide sequence of the deposited cDNAs or the nucleotide sequence as 
shown in SEQ ID NO:37, SEQ ID NO:39 and SEQ ID N0.4L 

Preferred nucleic acid fragments of the present invention include nucleic 
acid molecules encoding: a polypeptide comprising the Tether- 1 receptor, Tether- 
1C receptor, or rSNt/Ct receptor extracellular domain; a polypeptide comprising 
the Tether- 1 receptor, Tether- 1C receptor, or rSNt/Ct receptor transmembrane 
domain; and a polypeptide comprising the Tether- 1 receptor, Tether- 1 C receptor, 
or r5Nt/Ct receptor extracellular domain with all or part of the transmembrane 
domain deleted. As above with the leader sequence, the amino acid residues 
constituting the Tether-1 receptor, Tether-lC receptor, and rSNt/Ct receptor 
extracellular and transmembrane domains have been predicted. Thus, as one of 
ordinary skill would appreciate, the amino acid residues constituting these domains 
may vary slightly (e.g., by about 1 to about 15 amino acid residues) depending on 
the criteria used to define each domain. 
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In another aspect, the invention provides an isolated nucleic acid molecule 
comprising a polynucleotide which hybridizes under stringent hybridization 
conditions to a portion of the polynucleotide in a nucleic acid molecule of the 
invention described above. By "stringent hybridization conditions" is intended 
overnight incubation at 42° C in a solution comprising: 50% formamide, 5x SSC 
(1 50 mM NaCl, 1 5mM trisodium citrate), 50 mM sodium phosphate (pH 7.6), 5x 
Denhardt's solution, 10% dextran sulfate, and 20 g/ml denatured, sheared salmon 
sperm DNA, followed by washing the filters in 0. lx SSC at about 65 °C. 

By a polynucleotide which hybridizes to a "portion" of a polynucleotide 
is intended a polynucleotide (either DNA or RNA) hybridizing to at least about 
1 5 nucleotides (nt), and more preferably at least about 20 nt, still more preferably 
at least about 30 nt, and even more preferably about 30-70 nt of the reference 
polynucleotide. These are useful as diagnostic probes and primers as discussed 
above and in more detail below. 

By a portion of a polynucleotide of "at least 20 nt in length," for example, 
is intended 20 or more contiguous nucleotides from the nucleotide sequence of the 
reference polynucleotide (e.g., the deposited cDNAs or the nucleotide sequence 
as shown in SEQ ID N0.37, SEQ ID N0.39 and SEQ ID NO:41. 

Of course, a polynucleotide which hybridizes only to a poly A sequence 
(such as the 3' terminal poly(A) tract of the Tether- 1 receptor, Tether- 1C 
receptor, and rSNt/Ct receptor cDNA shown in SEQ ID N0.36, SEQ ID NO:38 
and SEQ ID NO:40, or to a complementary stretch of T (or U) resides, would not 
be included in a polynucleotide of the invention used to hybridize to a portion of 
a nucleic acid of the invention, since such a polynucleotide would hybridize to any 
nucleic acid molecule containing a poly (A) stretch or the complement thereof 
(e.g., practically any double-stranded cDNA clone). 

As indicated, nucleic acid molecules of the present invention which encode 
a Tether- 1 receptor, Tether- 1C receptor, and rSNt/Ct receptor polypeptide may 
include, but are not limited to those encoding the amino acid sequence of the 
mature polypeptides, by themselves; the coding sequence for the mature 
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polypeptides and additional sequences, such as those encoding the amino acid 
leader or secretory sequence, such as a pre-, or pro- or prepro- protein sequence; 
the coding sequence of the mature polypeptide, with or without the 
aforementioned additional coding sequences, together with additional, non-coding 
sequences, including for example, but not limited to introns and non-coding 5 ' and 
3 ' sequences, such as the transcribed, non-translated sequences that play a role in 
transcription, mRNA processing; including splicing and polyadenylation signals, 
for example - ribosome binding and stability of mRNA; an additional coding 
sequence which codes for additional amino acids, such as those which provide 
additional functionalities. Thus, the sequence encoding the polypeptide may be 
fused to a marker sequence, such as a sequence encoding a peptide which 
facilitates purification of the fused polypeptide. In certain preferred embodiments 
of this aspect of the invention, the marker amino acid sequence is a hexa-histidine 
peptide, such as the tag provided in a pQE vector (Qiagen, Inc.), among others, 
many of which are commercially available. As described in Gentz et al, Proc. 
Natl Acad. Set USA 56:821-824 (1989), for instance, hexa-histidine provides for 
convenient purification of the fusion protein. The "HA" tag is another peptide 
useful for purification which corresponds to an epitope derived from the influenza 
hemagglutinin protein, which has been described by Wilson et al, Cell 37: 767 
(1984). As discussed below, other such fusion proteins include the Tether- 1 
receptor, Tether- 1C receptor, and rSNt/Ct receptor fused to Fc at the - or 
C-terminus. 

The present invention further relates to variants of the nucleic acid 
molecules of the present invention, which encode portions, analogs or derivatives 
of the Tether- 1 receptor, Tether- 1 C receptor, and r6Nt/Ct receptor. Variants may 
occur naturally, such as a natural allelic variant. By an "allelic variant" is intended 
one of several alternate forms of a gene occupying a given locus on a chromosome 
of an organism. Genes II, Lewin, B., ed., John Wiley & Sons, New York (1985). 
Non-naturally occurring variants may be produced using art-known mutagenesis 
techniques. 
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Such variants include those produced by nucleotide substitutions, deletions 
or additions, which may involve one or more nucleotides. The variants may be 
altered in coding regions, non-coding regions, or both. Alterations in the coding 
regions may produce conservative or non-conservative amino acid substitutions, 
deletions or additions. Especially preferred among these are silent substitutions, 
additions and deletions, which do not alter the properties and activities of the 
Tether- 1 receptor, Tether- 1 C receptor, and r8Nt/Ct receptor or portions thereof 
Also especially preferred in this regard are conservative substitutions. 

Further embodiments of the invention include isolated nucleic acid 
molecules comprising a polynucleotide having a nucleotide sequence at least 95%, 
96%, 97%, 98% or 99% identical to (a) a nucleotide sequence encoding the 
full-length Tether- 1 receptor, Tether- 1C receptor, or rdNt/Ct receptor polypeptide 
having the complete amino acid sequence in SEQ ID NO:37, SEQ ID NO:39 or 
SEQ ID NO:41, including the predicted leader sequence; (b) a nucleotide 
sequence encoding the polypeptide having the amino acid sequence in SEQ ED 
NO:37, SEQ ID NO:3 9 or SEQ ID NO:4 1 , but lacking the N-terminal methionine; 
(c) a nucleotide sequence encoding the mature Tether-1 receptor, Tether-lC 
receptor, or rSNt/Ct receptor (full-length polypeptide with the leader removed) 
having the amino acid sequence indicated Figures 7, 9 or 10 (SEQ ID NO:37, 
SEQ ID NO:39 or SEQ ID NO:41; (d) a nucleotide sequence encoding the 
full-length Tether-1 receptor, Tether-lC receptor, and r5Nt/Ct receptor 
polypeptide having the complete amino acid sequence including the leader 
encoded by the cDNA; or (e) a nucleotide sequence encoding the mature Tether- 1 
receptor, Tether-lC receptor, and r6Nt/Ct receptor having the amino acid 
sequence encoded by the cDNA; (f) a nucleotide sequence encoding the Tether-1 
receptor, Tether-lC receptor, and rSNt/Ct receptor extracellular domain; (g) a 
nucleotide sequence encoding the Tether-1 receptor, Tether-lC receptor, and 
rSNt/Ct receptor transmembrane domain; (h) a nucleotide sequence encoding the 
Tether- 1 receptor, Tether- 1 C receptor, and rSNt/Ct receptor extracellular domain 
with all or part of the transmembrane domain deleted; and (i) a nucleotide 
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sequence complementary to any of the nucleotide sequences in (a), (b), (c), (d), 
(e), (f), (g)or(h). 

By a polynucleotide having a nucleotide sequence at least, for example, 
95% "identical" to a reference nucleotide sequence encoding a Tether- 1 receptor, 
Tether- 1C receptor, and rSNt/Ct receptor polypeptide is intended that the 
nucleotide sequence of the polynucleotide is identical to the reference sequence 
except that the polynucleotide sequence may include up to five point mutations 
per each 100 nucleotides of the reference nucleotide sequence encoding the 
Tether- 1 receptor, Tether- 1C receptor, or rSNt/Ct receptor. In other words, to 
obtain a polynucleotide having a nucleotide sequence at least 95% identical to a 
reference nucleotide sequence, up to 5% of the nucleotides in the reference 
sequence may be deleted or substituted with another nucleotide, or a number of 
nucleotides up to 5% of the total nucleotides in the reference sequence may be 
inserted into the reference sequence. These mutations of the reference sequence 
may occur at the 5 ' or 3 ' terminal positions of the reference nucleotide sequence 
or anywhere between those terminal positions, interspersed either individually 
among nucleotides in the reference sequence or in one or more contiguous groups 
within the reference sequence. 

As a practical matter, whether any particular nucleic acid molecule is at 
least 95%, 96%, 97%, 98% or 99% identical to, for instance, the nucleotide 
sequence shown in Figure 1 A or to the nucleotides sequence of the deposited 
cDNA clones can be determined conventionally using known computer programs 
such as the Bestfit program (Wisconsin Sequence Analysis Package, Version 8 for 
Unix, Genetics Computer Group, University Research Park, 575 Science Drive, 
Madison, WI 53711. Bestfit uses the local homology algorithm of Smith and 
Waterman, Advances in Applied Mathematics 2\ 482-489 (1981), to find the best 
segment of homology between two sequences. When using Bestfit or any other 
sequence alignment program to determine whether a particular sequence is, for 
instance, 95% identical to a reference sequence according to the present invention, 
the parameters are set, of course, such that the percentage of identity is calculated 
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over the fiill length of the reference nucleotide sequence and that gaps in 
homology of up to 5% of the total number of nucleotides in the reference 
sequence are allowed. 

The present application is directed to nucleic acid molecules at least 95%, 
96%, 97%, 98% or 99% identical to the nucleic acid sequence shown in Figures 
7, 9 or 10, or to the nucleic acid sequence of the deposited cDNAs, irrespective 
of whether they encode a polypeptide having Tether- 1 receptor, Tether- 1C 
receptor, and r&Nt/Ct receptor activity. This is because even where a particular 
nucleic acid molecule does not encode a polypeptide having Tether- 1 receptor, 
Tether- 1 C receptor, or rSNt/Ct receptor activity, one of skill in the art would still 
know how to use the nucleic acid molecule, for instance, as a hybridization probe 
or a polymerase chain reaction (PCR) primer. Uses of the nucleic acid molecules 
of the present invention that do not encode a polypeptide having Tether- 1 
receptor, Tether-lC receptor, or r8Nt/Ct receptor activity include, inter alia, (1) 
isolating the Tether- 1 receptor, Tether- 1C receptor, or rSNt/Ct receptor gene or 
allelic variants thereof in a cDNA library; (2) in situ hybridization (e.g., "FISH") 
to metaphase chromosomal spreads to provide precise chromosomal location of 
the Tether- 1 receptor, Tether- 1C receptor, or rSNt/Ct receptor gene, as described 
in Vermaefa/., Human Chromosomes: AManual of Basic Techniques, Pergamon 
Press, New York (1988); and (3) Northern Blot analysis for detecting Tether- 1 
receptor, Tether- 1C receptor, or rSNt/Ct receptor mRNA expression in specific 
tissues. 

Preferred, however, are nucleic acid molecules having sequences at least 
95%, 96%, 97%, 98% or 99% identical to the nucleic acid sequence shown in 
SEQ ID NO:36, SEQ ID NO:38 and SEQ ID NO:40 or to the nucleic acid 
sequence of the deposited cDNA which do, in fact, encode a polypeptide having 
Tether-1 receptor, Tether-lC receptor, or rSNt/Ct receptor activity. By "a 
polypeptide having Tether-1 receptor, Tether-lC receptor, or rSNt/Ct receptor 
receptor activity" is intended polypeptides exhibiting activity similar, but not 
necessarily identical, to an activity of the Tether-1 receptor, Tether-lC receptor, 



-61 - 



or r5Nt/Ct receptor of the invention, as measured in a particular biological assay. 
For example, Tether- 1 receptor, Tether- 1C receptor, or rSNt/Ct receptor activity 
can be measured using competition binding experiments of labeled PTH or PTHrP 
to cells expressing the candidate Tether- 1 receptor, Tether- 1C receptor, or 
rSNt/Ct receptor polypeptide as described herein. 

Any cell line expressing the Tether- 1 receptor, Tether- 1C receptor, or 
r5Nt/Ct receptor, or variants thereof, may be used to assay ligand binding and 
second messenger activation as described herein. Of course, due to the 
degeneracy of the genetic code, one of ordinary skill in the art will immediately 
recognize that a large number of the nucleic acid molecules having a sequence at 
least 95%, 96%, 97%, 98%, or 99% identical to the nucleic acid sequence of the 
deposited cDNAs or the nucleic acid sequence shown in SEQ ID NO: 3 6, SEQ ID 
NO:38 or SEQ ID NO:40 will encode a polypeptide "having Tether-1 receptor, 
Tether- 1C receptor, or rSNt/Ct receptor activity." In fact, since degenerate 
variants of these nucleotide sequences all encode the same polypeptide, this will 
be clear to the skilled artisan even without performing the above described 
comparison assay. It will be further recognized in the art that, for such nucleic 
acid molecules that are not degenerate variants, a reasonable number will also 
encode a polypeptide having Tether-1 receptor, Tether- 1C receptor, or rSNt/Ct 
receptor protein activity. This is because the skilled artisan is fully aware of amino 
acid substitutions that are either less likely or not likely to significantly effect 
protein function (e.g., replacing one aliphatic amino acid with a second aliphatic 
amino acid). 

For example, guidance concerning how to make phenotypically silent 
amino acid substitutions is provided in Bowie, J. U. et al., "Deciphering the 
Message in Protein Sequences: Tolerance to Amino Acid Substitutions," Science 
247:1306-13 10 (1990), wherein the authors indicate that proteins are surprisingly 
tolerant of amino acid substitutions. 
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b) Vectors and Host Cells 

The present invention also relates to vectors which include the isolated 
DNA molecules of the present invention, host cells which are genetically 
engineered with the recombinant vectors, and the production of Tether- 1 receptor, 
Tether- 1C receptor, or rSNt/Ct receptor polypeptides or fragments thereof by 
recombinant techniques. 

The polynucleotides may be joined to a vector containing a selectable 
marker for propagation in a host. Generally, a plasmid vector is introduced in a 
precipitate, such as a calcium phosphate precipitate, or in a complex with a 
charged lipid. If the vector is a virus, it may be packaged in vitro using an 
appropriate packaging cell line and then transduced into host cells. 

The DNA insert should be operatively linked to an appropriate promoter, 
such as the phage lambda PL promoter, the E. coli lac, trp and tac promoters, the 
SV40 early and late promoters and promoters of retroviral LTRs, to name a few. 
Other suitable promoters will be known to the skilled artisan. The expression 
constructs will further contain sites for transcription initiation, termination and, in 
the transcribed region, a ribosome binding site for translation. The coding portion 
of the mature transcripts expressed by the constructs will preferably include a 
translation initiating at the beginning and a termination codon (UAA, UGA or 
UAG) appropriately positioned at the end of the polypeptide to be translated. 

As indicated, the expression vectors will preferably include at least one 
selectable marker. Such markers include dihydrofolate reductase or neomycin 
resistance for eukaryotic cell culture and tetracycline or ampicillin resistance genes 
forculturingini?. coli and other bacteria. Representative examples of appropriate 
hosts include, but are not limited to, bacterial cells, such as E. coli, Streptomyces 
and Salmonella typhimurium cells; fungal cells, such as yeast cells; insect cells 
such as Drosophila S2 and Spodoptera Sf9 cells; animal cells such as CHO, COS 
and Bowes melanoma cells; and plant cells. Appropriate culture mediums and 
conditions for the above-described host cells are known in the art. 
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Among vectors preferred for use in bacteria include pQE70, pQE60 and 
pQE-9, available from Qiagen; pBS vectors, Phagescript vectors, Bluescript 
vectors, pNH8A, pNH16a, pNHlSA, pNH46A, available from Stratagene; and 
ptrc99a, pKK223-3, pKK233-3, pDR540, pRIT5 available from Pharmacia. 
5 Among preferred eukaryotic vectors are pWLNEO, pSV2CAT, pOG44, pXTl 

and pSG available from Stratagene; and pSVK3, pBPV, pMSG and pSVL 
available from Pharmacia. Other suitable vectors will be readily apparent to the 
skilled artisan. 

Introduction of the construct into the host cell can be effected by calcium 

10 phosphate transfection, DEAE-dextran mediated transfection, cationic 

lipid-mediated transfection, electroporation, transduction, infection or other 
methods. Such methods are described in many standard laboratory manuals, such 
as Davis et al f Basic Methods In Molecular Biology (1986). 

The polypeptide may be expressed in a modified form, such as a fusion 

15 protein, and may include not only secretion signals, but also additional 

heterologous functional regions. For instance, a region of additional amino acids, 
particularly charged amino acids, may be added to the N-terminus of the 
polypeptide to improve stability and persistence in the host cell, during 
purification, or during subsequent handling and storage. Also, peptide moieties 

20 may be added to the polypeptide to facilitate purification. Such regions may be 

removed prior to final preparation of the polypeptide. The addition of peptide 
moieties to polypeptides to engender secretion or excretion, to improve stability 
and to facilitate purification, among others, are familiar and routine techniques in 
the art. A preferred fusion protein comprises a heterologous region from 

25 immunoglobulin that is useful to solubilize proteins. For example, EP-A-O 464 

533 (Canadian counterpart 2045869) discloses fusion proteins comprising various 
portions of constant region of immunoglobin molecules together with another 
human protein or part thereof In many cases, the Fc part in a fusion protein is 
thoroughly advantageous for use in therapy and diagnosis and thus results, for 

30 example, in improved pharmacokinetic properties (EP-A 0232 262). On the other 
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hand, for some uses it would be desirable to be able to delete the Fc part after the 
fusion protein has been expressed, detected and purified in the advantageous 
manner described. This is the case when Fc portion proves to be a hindrance to 
use in therapy and diagnosis, for example when the fusion protein is to be used as 
5 antigen for immunizations. In drug discovery, for example, human proteins, such 

as, hIL5-receptor has been fused with Fc portions for the purpose of 
high-throughput screening assays to identify antagonists of hIL-5. See, D. 
Bennett et al, Journal of Molecular Recognition, Vol. 8:52-58 (1995) and K. 
Johanson et aL, The Journal of Biological Chemistry, Vol. 270, No. 

10 16:9459-9471 (1995). 

The Tether- 1 receptor, Tether- 1C receptor, or rSNt/Ct receptor can be 
recovered and purified from recombinant cell cultures by well-known methods 
including ammonium sulfate or ethanol precipitation, acid extraction, anion or 
cation exchange chromatography, phosphocellulose chromatography, hydrophobic 

15 interaction chromatography, affinity chromatography, hydroxylapatite 

chromatography and lectin chromatography. Most preferably, high performance 
liquid chromatography ("HPLC") is employed for purification. Polypeptides of 
the present invention include naturally purified products, products of chemical 
synthetic procedures, and products produced by recombinant techniques from a 

20 prokaryotic or eukaryotic host, including, for example, bacterial, yeast, higher 

plant, insect and mammalian cells. Depending upon the host employed in a 
recombinant production procedure, the polypeptides of the present invention may 
be glycosylated or may be non-glycosylated. In addition, polypeptides of the 
invention may also include an initial modified methionine residue, in some cases 

25 as a result of host-mediated processes. 

c) Tether-1 receptor, Tether-lC receptor, and r3Nt/Ct receptor 
Polypeptides and Fragments 

The invention further provides an isolated Tether-1 receptor, Tether- 1C 
receptor, and rSNt/Ct receptor polypeptide having the amino acid sequence 



-65- 



encoded by the deposited cDNAs, or the amino acid sequence in SEQ ID NO:37, 
SEQ ID NO:39 and SEQ ID NO:41 or a peptide or polypeptide comprising a 
portion of the above polypeptides. 

It will be recognized in the art that some amino acid sequences of the 
Tether- 1 receptor, Tether- 1C receptor, and r8Nt/Ct receptor can be varied 
without significant effect of the structure or function of the protein. If such 
differences in sequence are contemplated, it should be remembered that there will 
be critical areas on the protein which determine activity. Thus, the invention 
further includes variations of the Tether- 1 receptor, Tether- 1C receptor, and 
r6Nt/Ct receptor which show substantial Tether- 1 receptor, Tether- 1C receptor, 
or r8Nt/Ct receptor activity or which include regions of Tether- 1 receptor, Tether- 
1C receptor, or r5Nt/Ct receptor protein such as the protein portions discussed 
below. Such mutants include deletions, insertions, inversions, repeats, and type 
substitutions. As indicated above, guidance concerning which amino acid changes 
are likely to be phenotypically silent can be found in Bowie, J.U., et al, 
"Deciphering the Message in Protein Sequences: Tolerance to Amino Acid 
Substitutions," Science 247:1306-1310 (1990). 

Thus, the fragment, derivative or analog of the polypeptide of SEQ ID 
NO:37, SEQ ID NO:39 and SEQ ID NO;41 or that encoded by the deposited 
cDNAs, may be (i) one in which one or more of the amino acid residues are 
substituted with a conserved or non-conserved amino acid residue (preferably a 
conserved amino acid residue) and such substituted amino acid residue may or 
may not be one encoded by the genetic code, or (ii) one in which one or more of 
the amino acid residues includes a substituent group, or (iii) one in which the 
mature polypeptide is fused with another compound, such as a compound to 
increase the half-life of the polypeptide (for example, polyethylene glycol), or (iv) 
one in which the additional amino acids are fused to the mature polypeptide, such 
as an IgG Fc fusion region peptide or leader or secretory sequence or a sequence 
which is employed for purification of the mature polypeptide or a proprotein 



-66- 



sequence. Such fragments, derivatives and analogs are deemed to be within the 
scope of those skilled in the art from the teachings herein. 

Of particular interest are substitutions of charged amino acids with another 
charged amino acid and with neutral or negatively charged amino acids. The latter 
results in proteins with reduced positive charge to improve the characteristics of 
the Tether- 1 receptor, Tether- 1C receptor, and r6Nt/Ct receptor protein. The 
prevention of aggregation is highly desirable. Aggregation of proteins not only 
results in a loss of activity but can also be problematic when preparing 
pharmaceutical formulations, because they can be immunogenic. (Pinckard et al 9 
Clin Exp, Immunol 2:331-340 (1967); Robbins et al f Diabetes 35:838-845 
(1987); Cleland etal Crit. Rev, Therapeutic Drug Carrier Systems 10-301-311 
(1993)). 

The replacement of amino acids can also change the selectivity of binding 
to cell surface receptors. Ostade et al, Nature 357:266-268 (1993) describes 
certain mutations resulting in selective binding of TNF-a to only one of the two 
known types of TNF receptors. Thus, the Tether- 1 receptor, Tether- 1C receptor, 
and rSNt/Ct receptor of the present invention may include one or more amino acid 
substitutions, deletions or additions, either from natural mutations or human 
manipulation. 

As indicated, changes are preferably of a minor nature, such as 
conservative amino acid substitutions that do not significantly affect the folding 
or activity of the protein (see Table 1). 
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TABLE 1. Conservative Amino Acid Substitutions. 



Aromatic 


Phenylalanine 




Tryptophan 




Tyrosine 


Hydrophobic 


Leucine 




Isoleucine 




Valine 


Polar 


Glutarnine 




Asparagine 


Basic 


Arginine 




Lysine 




Histidine 


Acidic 


Aspartic Acid 




Glutamic Acid 


Small 


Alanine 




Serine 




Threonine 




Methionine 




Glycine 



Amino acids in the Tether-1 receptor, Tether-lC receptor, and r5Nt/Ct 
receptor protein of the present invention that are essential for function can be 

10 identified by methods known in the art ? such as site-directed mutagenesis or 

alaitine-scanning mutagenesis (Cunningham and Wells, Science 2^:1081-1085 
(1989)). The latter procedure introduces single alanine mutations at every residue 
in the molecule. The resulting mutant molecules are then tested for biological 
activity such as receptor binding or in vitro proliferative activity. Sites that are 

15 critical for ligand-receptor binding can also be determined by structural analysis 

such as crystallization, nuclear magnetic resonance or photoaffinity labeling (Smith 
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et aL, J. Mol Biol 224:899-904 (1992) and de Vos etal Science 255:306-312 
(1992)). 

The polypeptides of the present invention are preferably provided in an 
isolated form. By "isolated polypeptide" is intended a polypeptide removed from 
5 its native environment. Thus, a polypeptide produced and/or contained within a 

recombinant host cell is considered isolated for purposes of the present invention. 
Also intended as an "isolated polypeptide" are polypeptides that have been 
purified, partially or substantially, from a recombinant host cell. For example, a 
recombinantly produced version of the antimicrobial peptide polypeptide can be 

10 substantially purified by the one-step method described in Smith and Johnson, 

Gene £7:31-40(1988). 

The polypeptides of the present invention are preferably provided in an 
isolated form, and preferably are substantially purified. A recombinantly produced 
version of the Tether- 1 receptor, Tether- 1 C receptor, or r8Nt/Ct receptor can be 

15 substantially purified by the one-step method described in Smith and Johnson, 

Gene £7:31-40(1988). 

The polypeptides of the present invention also include the polypeptide 
encoded by the deposited Tether- 1 receptor, Tether- 1C receptor, and r5Nt/Ct 
receptor cDNA including the leader, the polypeptide encoded by the deposited the 

20 cDNA minus the leader (i.e., the mature protein), the polypeptide of SEQ ID 

NO:37, SEQ ID NO:39 and SEQ ID NO:41 including the leader, the polypeptide 
of SEQ ID NO:37, SEQ ID NO:39 and SEQ ID NO:41 minus the leader, the 
extracellular domain, the transmembrane domain, a polypeptide comprising amino 
acids about 1 to about 435 in SEQ ID NO:37, SEQ ID NO:39 and SEQ ID 

25 NO:41, and a polypeptide comprising amino acids about 2 to about 435 in SEQ 

ID NO : 3 7, SEQ ID NO : 3 9 and SEQ ID NO :4 1 , as well as polypeptides which are 
at least 95% identical, still more preferably at least 96%, 97%, 98% or 99% 
identical to the polypeptides described above, and also include portions of such 
polypeptides with at least 30 amino acids and more preferably at least 50 amino 

30 acids. 
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By a polypeptide having an amino acid sequence at least, for example, 95% 
"identical" to a reference amino acid sequence of a Tether- 1 receptor, Tether- 1C 
receptor, or r5Nt/Ct receptor polypeptide is intended that the amino acid sequence 
of the polypeptide is identical to the reference sequence except that the 
5 polypeptide sequence may include up to five amino acid alterations per each 100 

amino acids of the reference amino acid of the Tether- 1 receptor, Tether- 1C 
receptor, or rSNt/Ct receptor. In other words, to obtain a polypeptide having an 
amino acid sequence at least 95% identical to a reference amino acid sequence, up 
to 5% of the amino acid residues in the reference sequence may be deleted or 

1 0 substituted with another amino acid, or a number of amino acids up to 5% of the 

total amino acid residues in the reference sequence may be inserted into the 
reference sequence. These alterations of the reference sequence may occur at the 
amino or carboxy terminal positions of the reference amino acid sequence or 
anywhere between those terminal positions, interspersed either individually among 

1 5 residues in the reference sequence or in one or more contiguous groups within the 

reference sequence. 

As a practical matter, whether any particular polypeptide is at least 95%, 
96%, 97%, 98% or 99% identical to, for instance, the amino acid sequence shown 
in SEQ ID NO:37, SEQ ID NO:39 and SEQ ID NO:41 to the amino acid 

20 sequence encoded by deposited cDNA clones can be determined conventionally 

using known computer programs such the Bestfit program (Wisconsin Sequence 
Analysis Package, Version 8 for Unix, Genetics Computer Group, University 
Research Park, 575 Science Drive, Madison, WI 5371 1). When using Bestfit or 
any other sequence alignment program to determine whether a particular sequence 

25 is, for instance, 95% identical to a reference sequence according to the present 

invention, the parameters are set, of course, such that the percentage of identity 
is calculated over the full length of the reference amino acid sequence and that 
gaps in homology of up to 5% of the total number of amino acid residues in the 
reference sequence are allowed. 
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7. PTH Agonist and Antagonist Screening Methods Utilizing Tethered 
Ligand/Receptor Molecules 

Properties of the tethered ligand/receptor chimeric molecules of the 
invention make them particularly useful in screening for agonists and antagonists 
5 of PTH receptor activity. Screening methods are well known in the art and have 

been described fully herein for the purposes of identifying novel PTH functional 
domain conjugate peptides with agonistic and antagonistic PTH receptor 
properties. Such screening methods measure the effectiveness of a candidate 
agonist or antagonist by examining the effect on cAMP production or by 

10 examining binding to the receptor. Cells utilized in a screening assay, e.g., COS 

cells, may express the novel receptor of the invention either transiently or 
permanently. Knowledge regarding the establishment and maintenance of cell 
lines for this purpose is well known in the art. Candidate agonists and antagonists 
may be peptide variants of PTH or may constitute structurally distinct molecules, 

15 e.g., a mimetic. 

Having now fully described the invention, the same will be more readily 
understood by reference to specific examples which are provided by way of 
illustration, and are not intended to be limiting of the invention, unless herein 
specified. 



20 Example 1 

Construction of PTH Functional Domain Conjugate Peptides 
PTH functional conjugate peptides may be constructed using well known 
methods in the art of molecular biology. The inventors constructed the ligand 
ammo-terminal fragment used herein, PTH(l-9), based upon other studies related 
25 to the first 14 amino acids of native human PTH. To optimize activity of this 

fragment, the inventors replaced the serine at position one by alanine; a 
substitution which corresponds to the amino acid found at position 1 in rat and 
bovine PTH, as well as in all PTHrP molecules reported so far (human, bovine, 
dog, rat, mouse, chicken). This change results in a measurable increase in 
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bioactivity over the background level of bioactivity of the native PTH(1-14) 
peptide. The C-terminal residue of this new peptide, herein called [Ala 1 ] 
PTH(1-14), is amidated. The amino-terminal functional domain of PTH(l-9) is 
based on this sequence. The carboxy-terminal functional domain of PTH(1 5-3 1) 
5 (Leu Asn Ser Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gin Asp Val) (SEQ 

ID NO: 2) is detailed herein, as well as other variations used in the construction of 
the peptides. Peptides were created synthetically following procedures well 
known in the art. Alternatively, the peptides may be created via recombinant DNA 
techniques by reverse translation. Depending on the organism being used, codon 
1 0 usage charts are helpful in determining the appropriate code. For an example see 

Figure 8, wherein the DNA and protein sequences of PG5, PG7 and PG9 are 
detailed. 



Example 2 
Accumulation of cAMP in Cells Exposed to PTH 
1 5 Functional Domain Conjugate Peptides 

In order to screen for agonist activity, functional domain conjugate 
peptides of the invention were utilized in in vitro assays designed to measure 
cellular response via cAMP accumulation. Intracellular cAMP accumulation is 
measured as described previously (Abou-Samra et al, J. Biol Chem. 262: 1 129, 
20 1986). 

Cells grown in 24-well plates are rinsed with culture medium containing 
0.1% BSA and 2 mM BBMX. The cells are then incubated with an S-(L) n -B 
compound or derivatives thereof for 60 min. at 2 1 ° C. The supernatant is removed 
and the cells immediately frozen by placing the whole plate in dry ice powder. 
25 Intracellular cAMP is extracted by thawing the cells in 1 ml of 50 mM HC1 and 

analyzed by a specific radioimmunoassay using an anti-cAMP antibody (e.g., 
Sigma, St. Louis, Mo). A cAMP analog (2'-0-monosuccinyl-adenosine 
3':5'-cyclic monophosphate tyrosyl methyl ester, obtained from Sigma) which is 
used a tracer for cAMP is iodinated by the chloramine T method. Free iodine is 
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removed by adsorbing the iodinated cAMP analog onto a CI 8 Sep-pak cartridge 
(Waters, Milford, Mass.). After washing with dH 2 0, the iodinated cAMP analog 
is eluted from the Sep-pak Cartridge with 40% acetonitrille (ACN) and 0.1% 
trifluoroacetic acid (TFA). The iodinated cAMP analog is lyophilized, 
5 reconstituted in 1 ml 0.1% TFA, and injected into a CI 8 reverse phase HPLC 

column (Waters). The column is equilibrated with 10% ACN in 0. 1% TFA, and 
eluted with gradient of 1 0-3 0% ACN in 0. 1 % TFA. This allows separation of the 
mono-iodinated cAMP analog from the non-iodinated cAMP analog. The tracer 
is stable for up to 4 months when stored at - 20 °C. The standard used for the 

10 assay, adenosine 3': 5 '-cyclic monophosphate, may be purchased from Sigma. 

Samples (1-10 82 1 of HC1 extracts) or standards (0.04-100 fmol/tube) are diluted 
in 50 mM Na-acetate (pH 5.5), and acetylated with 10 ^il of mixture of 
triethylamine and acetic anhydride (2:1 vol: vol). After acetylation, cAMP 
antiserum (1 00 |il) is added from a stock solution (1 :4000) made in PBS (pH 7.4), 

15 5 mM EDTA and 1% normal rabbit serum. The tracer is diluted in PBS (pH 7.4) 

with 0.1% BSA, and added (20,000 cpm/tube). The assay is incubated at 4°C. 
overnight. The bound tracer is precipitated by adding 100 of goat anti-rabbit 
antiserum (1:20 in PBS) and 1 ml of 7% polyethyleneglycol (MW 5000-6000), 
centrifuging at 2000 rpm for 30 min. at 4°C. The supernatant is removed and the 

20 bound radioactivity is counted in a gamma-counter (Micromedic). To compute 

the cAMP data, logit calculations are performed in Excel spreadsheets. Typically, 
the assay sensitivity is 0. 1 fmol/tube, and the standard concentration that displaces 
50% of tracer is 5 fmol/tube. 

Results of cAMP accumulation experiments are presented in Figures 3 and 

25 4. Figure 3 presents data for the total accumulation of cAMP, while Figure 4 

presents a PTH peptide dose response curve for cAMP accumulation. 
Importantly, the PTH functional domain peptides PG5, PG7 and PG9 all 
demonstrate increased levels of cAMP accumulation as compared to basal levels 
in un-stimulated cells. 



30 
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Example 3 

Alanine Scans ofPTH(l-U) and PTH(17-31) 

In order to determine the bioactivity of each amino acid residue in amino- 
terminal PTH(l-9) signaling peptide and carboxy-terminal PTH( 17-31) binding 
5 peptide, alanine was substituted for each individual amino acid residue of the two 

functional domain peptides. The synthesized peptides were used to determine 
bioactivity of the native amino acid residue by either by cAMP accumulation or 
competitive binding as described herein. Results for PTH(l-9) are presented in 
Figure 5, the alanine scan of PTH(1-14). Results for PTH(17-3 1) are presented 
10 in Figure 6. The results are useful for the design of agonists and antagonists of 

PTH receptor function and may be used in the construction of S-(L) n -B peptides 
of the invention. 



Example 4 
Construction of the Novel Tether Receptors 

15 The novel receptors of the invention were constructed using standard 

techniques in the art of molecular biology. Tether- 1 has a deletion of PTH- 1 
receptor amino terminal sequence; residue 24 and 181. Residues 26- 181 indicate 
the endpoints of the deletion in rSNt. Based on the predicted signal peptide 
cleavage site between Ala 22 and Tyr 23 , residues 23-25 in rSNt are joined to residue 

20 182. Tether- 1C is identical to Tether 1 except that a stop codon has been 

introduced at residue 48 1 . The rSNt/Ct receptor is constructed from PTH-1 
with both the 26-181 deletion and the 481 stop codon; It lacks both the 
extracellular amino terminal ligand binding domain and the intracellular carboxy- 
terminal domain of the PTH receptor. 

25 Depicted inFigure 1 1 is the chemically synthesized oligonucleotide (oligo) 

(#E16631A1) that was used to construct the chimeric rat PTH-1 receptor, 
rTether- 1 , which contains at its N-terminus residues ( 1 -9) of rat PTH (A- V-S-E-I- 
Q-L-M-H-) fused to Glu-1 82 of the receptor via a tetraglycine linker. The oligo 
thus encodes the rPTH(l-9) ligand sequence and four Gly residues in its central 
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portion, and rPTH receptor residues as flanking portions. Also shown is the 
control oligo (E16853 Al) that is similar to E1663 1 Al but in place of rPTH(l-9) 
there is the amino acid sequence (P-Y-D-V-P-D-Y-A-) corresponding to the HA 
epitope tag; this will yield a receptor construct that we described previously 
5 (Luck et al., 1999 MoLEndo , 13; 670-680). 

These oligos were used in the conventional site-directed mutagenesis 
protocol described by Kunkel (1985, Proc. Natl Acad. ScL USA 82;488-492). 
In brief, the single-stranded oligo was annealed to uracil-containing single- 
stranded plasmid DNA encoding the rdelNT PTH-1 receptor (described in Luck 

10 et al., 1999 Mol. Endo , 13; 670-680), the heteroduplex was subjected to 

complete second strand synthesis using T7 DNA polymerase, and the reaction 
products were used to transform E.coli by the electroporation method. Plasmid 
DNAs from the resulting from the antibiotic resistant colonies were isolated, 
verified for correct DNA sequence, and then used for subsequent transfection of 

1 5 COS -7 cells and functional assays. 

Nucleic acid and amino acid sequences are show in Figures 17, 18 and 19 
for hTether-1, hdelNT and hTether-Rl 1, respectively. 



Example 5 
Bioactivity of the Tether-1 Receptor 

20 cAMP accumulation was used to determine the activity of the Tether-1 

receptor. A positive control receptor was constructed by the addition of the HA 
antigen to the amino-terminus of the native human PTH-1 receptor; the purpose 
of this control is to test whether the addition of a heterologous sequence to the 
amino-terminus of the PTH-1 receptor results in anomalous activation of the 

25 receptor and/or to determine that the receptor is properly incorporated into the 

cell membrane via antibody recognition of the HA antigen. The negative control 
utilized was the r5Nt receptor (described in U.S. Patent Application No. 
60/105,530). This receptor is a PTH-1 deletion mutant that lacks the extracellular 
amino-terminus domain of the PTH-1 receptor. 
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Example 6 

Autoactivation ofPTH-1 Receptors 
Containing a Tethered Ligand 

The analysis of how peptide hormones interact with membrane-bound 
receptors is obfuscated by the degrees of freedom inherent in such bimolecular 
systems involving large proteins of uncertain three-dimensional structure. Human 
parathyroid hormone (hPTH) is an 84 amino acid that plays the vital role of 
maintaining blood calcium concentrations to within a narrow viable range 
(Kronenberg, H., et aL, in Genetics of Endocrine and Metabolic Disorder s 7 
Thakker, R., ed., Chapman & Hall, London, U.K. (1997), pp. 389-420). The 
hormone also has potent anabolic effects on bone (Dempster, D.W., et aL, 
Endocr. Rev. 74:690-709 (1993); and Dempster, D.W., et aL, Endocr. Rev, 
75:261 (1994)). These actions are mediated by the PTH-1 receptor, a class B G 
protein-coupled receptor (Juppner, H., et aL, Science 254:1024-1026 (1991). 
Structure-activity analysis of PTH peptides has shown that the (1-34) fragment is 
sufficent for foil biological activity, and that within this peptide, the N-terminal 
residues are most critical for receptor activation, and that the C-terminal residues 
contribute the majority of receptor binding energy (Tregear, G.W., et aL, 
Endocrinol. 23:1349-1353 (1973); Nussbaum, S.R., et aL, J. Biol Chem. 
255:10183-10187(1980)). 

Receptor mutagenesis and photochemical crosslinking approaches have 
suggested that residues within (15-34) of PTH interact with the relatively large 
(-170 amino acids) amino-terminal extracellular domain of the PTH receptor, and 
that the N-terminal residues of PTH interact with the seven transmembrane 
domains and extracellular loops (Bergwitz, C, etal, J. Biol Chem. 272:28861- 
28868 (1997); Lee. C, etal, Mol. Endo. 9: 1269-1278 (1995); Bissello, A., etal., 
J. Biol. Chem. 273:22498-22505 (1998)). In support of the latter component of 
this hypothesis, it was recently shown that a peptide as small as PTH(1-14) could 
stimulate cAMP formation with both the wildtype PTH receptor and a truncated 
PTH receptor that lacked most of the N-terminal domain (Luck, M. ? et aL, Molec. 



-76- 



EndocrinoL 75:670-680(1999)). The potency ofPTH(l-14) was low with both 
the intact and truncated receptor (EC 50 = ca. 100 //M); in contrast, while 
PTH(l-34) was a potent agonist with the wildtype receptor (EC 50 ca. 3 nM), its 
potency was severly diminished with the truncated receptor. Both of these results 
are consistent with the notion that the interactions between the N-terminal domain 
of the receptor and the C-terminal domain of PTH(l-34) are important in 
stabilizing the ligand/receptor complex. An alanine-scanning anlaysis performed 
on PTH(1-14) revealed that residues (1-9), excluding Ser 3 , were critical for 
interacting with the heptahelical and extracellular loop region of the receptor 
(Luck, M., et al, Molec. Endocrinol 73:670-680 (1999)). 

Based on the above results, the possiblity was considered that the 
N-terminal (1-9) residues of PTH would be sufficient for receptor activation if 
they were restrained to within the region of the receptor containing the seven 
transmembrane domains and extracellular loops. As described herein, it has been 
shown that this can be accomplished by tethering the N-terminal residues of PTH 
directly to a truncated receptor lacking the N-terminal extracellular domain; the 
resulting tethered ligand/receptor constructs are active and exhibit a similar, but 
not identical, mutational profile as seen previously with PTH(1-14) and 
PTH(l-34). This system provides a novel approach for analyzing PTH residues 
involved in receptor signaling without having to generate ligands with high binding 
affinity. 

Material and Methods 

Peptides: The peptide [Ala 1 ^ 1012 ,Arg 11 ,Tyr 34 ]hPTH(l-34)NH 2 
(Q-PTH(l-34)} was prepared on an Applied Biosystems model 431 A peptide 
synthesizer using ^/-(9-fluorenyl)methoxycarbonyl (Fmoc) main-chain protection 
and TFA-mediated cleavage/deprotection (MGH Biopolymer Synthesis Facility, 
Boston, MA). The peptide was reconstituted in 10 mM acetic acid, and stored at 
-80°C. The purity, identity, and stock concentration of Q-PTH(l-34) was secured 
by analytical HPLC, MALDI mass spectrometry and amino acid analysis. 
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Cell Culture: COS-7 cells were cultured at 37°C in T-75 flasks (75 mm 2 ) 
in Dulbecco's modified Eagle's medium (DMEM) supplemented with fetal bovine 
serum (10%), penicillin G (20 units/ml), streptomycin sulfate (20 ^g/ml) and 
amphotericin B (0.05 /^g/ml) in a humidified atmosphere containing 5% C0 2 . 
Cells were sub- cultured in 24-well plates and, when confluent, were treated with 
fresh media and shifted to 33°C for 12 to 24 h prior to the assay (Bergwitz, C, et 
al, J. Biol Chem. 272:28861-28868 (1997); Abell, A., et al, J. Biol Chem. 
277:4518-4527(1996)). 

PTH Receptor mutagenesis and COS-7 cell expression: The 
pCDNA-1 -based plasmid encoding the intact hPTH-1 receptor (HK-WT in 
reference (Schipani, E., et al, Endocrinol 732:2157-2165 (1993)) and herein 
called KP1R-WT) was used for studies in COS-7 cells. The truncated human 
PTH-1 receptor (hPlR-delNt) (Figure 18) was constructed from the HK-WT 
plasmid by oligonucleotide-directed mutagenesis (Kunkel, T. A., Proa Natl Acad 
Set USA 52:488-492 (1985)). This mutant receptor is deleted for residues 24 to 
1 8 1 and, assuming that signal peptidase cleavage occurs between Ala 22 and Tyr 23 
(Nielsen, H., etal, Protein Engineering 10: 1-6 (1997)), is predicted to have Tyr 23 
as the N-terminal residue joined directly to Glu 182 located at or near the boundary 
of the first transmembrane domain. A similarly truncated rat PTH receptor was 
described by us previously (Luck, M., et al, Molec, Endocrinol 73:670-680 
(1999)). The tethered human PTH-1 receptor [hPlR-Tether(l-9)] (hTether-1 in 
Figure 17) is based on the hPlR-delNT construct, and has PTH(l-9) and a four 
glycine spacer (AVSEIQLMHGGGG) inserted between residues 23 and 182. 
Assuming that signal peptidase cleavage occurs between Ala 22 and Tyr 23 , 
hPlR-Tether(l-9) is predicted to have Tyr 23 as the N-terminal residue joined 
directly to Ala 1 of the ligand. Analogs of hPlR-Tether(l-9) were made in a 
similar fashion. Transient transfections of COS-7 cells were performed using 
DEAE-dextran and 200 ng of cesium chloride-purified plasmid DNA per well of 
a 24-well plate, as described previously (Bergwitz, C, et al, J. Biol Chem. 
272:28861-28868 (1997)). 
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cAMP Stimulation: Stimulation of cells with peptide analogs was 
performed in 24-well plates. Cells were rinsed with 0.5 mL of binding buffer (50 
mM Tris-HCl, 1 00 mM NaCl, 5 mM KC1, 2 mM CaCl 2 , 5% heat-inactivated horse 
serum, 0.5% fetal bovine serum, adjusted to pH 7.7 with HC1) and treated with 
5 200 juL of cAMP assay buffer (Dulbecco's modified Eagle's medium containing 

2 mM 3-isobutyl-l-methylxanthine, 1 mg/mL bovine serum albumin, 35 mM 
Hepes-NaOH, pH 7.4) and 100 ptL of binding buffer containing varying amounts 
of peptide analog (final volume = 300 {AS). The medium was removed after 
incubation for 1 h at room temperature, and the cells were frozen (-80 °C), lysed 
10 with 0.5 mL 50 mM HC1, and refrozen (-80 °C). The cAMP content of the 

diluted lysate was determined by radioimmunoassay. 

Data Calculation: Calculations were performed using Microsoft Excel. 
The statistical significance between two data sets was determined using a 
one-tailed Student's t-test assuming unequal variances for the two sets. 

1 5 Results 

The study began with the construction of the targeted tethered 
ligand/receptor constructs, which utilized a previously reported delNT receptor 
as a point of departure (Luck, M., etal, Molec. Endocrinol 73:670-680 (1999)). 
This mutant receptor lacks residues 24 - 181 of the extracellular N-terminal 

20 ligand-binding domain, and is predicted to have Ty 123 as the N-terminal residue 

joined directly to Glu 182 following signal peptidase cleavage. In order to construct 
a tethered ligand/receptor construct (hT ether), the following 13 amino acid 
sequence was inserted between Tyr 23 and Glu 182 : Ala-Val-Ser-Glu- 
Ile-Gln-Leu-Met-His-(Gly) 4 . Thus, after signal peptidase cleavage, it is predicted 

25 that hPlR-Tether(l-9) should contain (C-term to N-term) the intracellular 

C-terminal domain, the seven transmembrane helices (and accompanying loops), 
a short glycine spacer and [Tyr _1 ]-rPTH(l-9). Other tethered ligand/receptor 
constructs were made in the same fashion, wherein only the sequence 
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corresponding to rPTH(l-9) was expanded in the C-terminal direction by one or 
two amino acids as in hPlR-[R(l-l 1) (Figure 19). 

Initial characterization of the signaling properties of hP 1 R-Tether( 1 -9) and 
several of its analogs in transiently transfected COS-7 cells is shown in Figure 
12A-12B. In the absence of any agonist peptide, hPlR-Tether(l -9) shows ca. 
a 5-fold enhancement in the basal level of cAMP, relative to that seen with hdelNT 
(Figure 12A). Extension of the ligand chain (hPlR-Tether(l-lO) and (1-11)) 
resulted in moderate, but significant, improvements in the levels of basal cAMP 
signaling. This basal signaling could be increased still further by replacement of 
the leucine at position 1 1 of hPlR-Tether(l-l 1) with arginine; we have recently 
reported that this same modification also dramatically enhances the cAMP potency 
of short PTH peptides (Shimizu, M., et al, J. B. M. K /^abstract F396 (1999). 
All of the hPlR-Tether constructs responded to a 1 yuM dose of the fully potent 
analog [Ala 1 '^ 10 ^ i2 'Arg 11 ? Tyr 34 ]-PTH(l-34)NH 2 [Q-PTH(l-34)] to a similar extent 
(Figure 2B). Dose-response analysis revealed that the truncated receptors 
hPlR-delNT, hPlR~Tether(l-9), and hPlR-[R u ]-Tether(l-ll) all exhibited a 
right-shifted response to Q-PTH(l-34) relative to the intact wildtype receptor; 
each of these receptors was capable of producing a maximum cAMP response 
(Figure 13). The Q-PTH(l-34) dose-response curves for the hPlR-Tether 
constructs were parallel and left-shifted relative to hPlR-delNT. 

In order to further characterize the constitutive activation of the 
hPlR-Tether constructs, the time-dependence and DNA-dependence of the basal 
and agonist-induced cAMP signaling was tested. As shown in Figure 14, the 
maximum level of basal cAMP signaling for hPlR-[R n ]-Tether(l-l 1) was 
observed at 40 minutes; this was also the time point at which maximal 
agonist-induced signaling was observed for both hPlR-WT and 
hPlR-[R n ]-Tether(l-ll). Both the basal and agonist-induced signaling of 
hP lR-[R n ]-Tether(l-l 1) was critically dependent on the amount ofplasmid DNA 
used for the transient transfection of the COS-7 cells (Figure 15). This 
DNA-dependence was parallel to the DNA-dependence observed with the both 
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the basal and agonist-induced signaling of both the hPlR-WT and another 
constitutively active PTH-1 receptor containing the H223R point mutation at the 
cytoplasmic end of transmembrane helix 2. 

As described above, the level of basal signaling for the hPlR-Tether 
constructs could be improved by capitalizing on a substitution, Leu-*Arg u , that 
we originally discovered in the context of short PTH( 1-14) peptides. In order to 
investigate whether other similarities existed between the structure-activity profile 
ofPTHpeptidesandthePTH-portionofhPlR-[R n ]-Tether(l-l 1), an alanine scan 
analysis (Figure 16A-16B) was performed. As illustrated, replacement of each of 
the first nine amino acids of the PTH sequence in hPlR-[R u ]-Tether(l-ll) 
resulted in position-specific effects on the level of basal signaling (Figure 16A), 
but did not dramatically effect the levels of agonist-induced cAMP signaling 
(Figure 16B). 

Discussion 

This study describes a series of novel tethered PTH ligand-receptor 
conjugates that contain the body of the heptahelical G protein-coupled PTH-1 
receptor tethered to the N-terminal "activation core" of the PTH ligand. Each of 
the tethered receptors in the study exhibited an elevated level of basal cAMP 
signaling, and hPlR-[R n ]-Tether(l-l 1) showed levels of basal signaling that 
approached the maximum response attained by hPlR-WT when treated with 
agonist ligand. This ability of a small peptide derived from the activation domain 
of PTH to stimulate G-protein coupling when tethered to the body of the PTH 
receptor bears strong similarity to the naturally designed intramolecular 
mechanism of activation utilized by the protease activated receptors, best 
represented by the thrombin receptor (Chen, J. 3 et al, J. Biol Chem. 269:16041- 
16045 (1994)). 

For the tethered PTH receptors we observed enhanced responsiveness to 
exogenous PTH ligands relative to their hPlR-delNT counterpart. The 
mechanisms underlying this enhanced responsiveness to exogenous ligands is 
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currently unclear, but it may be that the some proportion of tethered receptor is 
in an unoccupied yet preactivated state that is more easily stimulated by 
PTH(l-34). Such a pre-activated state could, in principle, resemble one of the 
metastable states observed in the photo-cycle of rhodopsin (Khorana, H.G., J, 
Biol Chem. 267:1-4 (1992)). In any case, it is clear that enhanced responsivenes 
to agonist peptides is not a general characteristic of constitutively active PTH 
receptors (Schipani, E., etal, J. Clin. Endocrin. Metab, <M:3052-3057 (1999)). 
This unique property of the tethered ligand system could yield new insights into 
the mechanism of PTH receptor activation and potentially offer advantages for 
screening libraries for novel PTH-1 receptor agonists. 

As tethered ligands, the native sequences of PTH(l-lO), PTH(1-19), 
PTH(1-11) were found to be weaker than the tethered PTH(1-11 sequence 
containing the Leu 11 -* Arg substitution, even though each of these tethered ligands 
was present at the same equimolar ratio, relative to the concentration of the 
membrane-embedded portion of the receptor. The level of expression of these 
receptors was likely to be comparable, given that each stimulated similar maximum 
levels of cAMP formation in response to high doses of Q-PTH(l-34). The 
improved basal signaling of the Arg n -containing tethered ligand is consistent with 
the favorable effect that this same substitution had on the potency of PTH(1-1 1) 
and (1-14) analogs. This observation speaks to one of the fundamental questions 
raised by the tethered ligand-receptor system: do exogenous and tethered ligands 
utilize the same contact points for activating the receptor? 

In order to examine the above question further, an alanine scan analysis of 
the PTH(1-19) region of hPlR-[R n ]-Tether(l-l 1) was performed. The results 
revealed some differences from the alanine scans performed on PTH( 1-14) peptide 
(Luck, M, et al t Molec. Endocrinol 75:670-680 (1999)) and PTH(l-36) 
(Gombert,¥., etal/mPeptides; Chemistry, Structure and Biology. Proceedings 
of the 14th American Peptide Sumposium, June 18-23, Kamaya, P. and Hodges, 
R., eds., Mayflower Scientific Limited, Kingswinford, UK (1996), pp. 661-662), 
but there were compelling similarities to these prior studies. In the case of 
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PTH(1-14), the Ser'-frAla mutation produced a peptide that was slightly more 
potent than native PTH(1-14); whereas Ala substitution at any other position in 
the (2-9) region reduced activity to below detectable levels (position 1 is alanine 
in the native sequence) (Luck, M., etal, Molec. Endocrinol 73:670-680 (1999)). 
5 In the case of hPlR-[R n ]-Tether(l-ll), alanine substitution of Ser 3 and Leu 7 

yielded mutants that had ca. 33% of the basal signaling activity seen with the 
substituted construct, while substitution of Gin 6 and His 9 yielded mutants that 
were nearly as active as hPlR-[R n ]-Tether(l-ll). Importantly, alanine 
substitutions at Val 2 , He 5 , and Met 8 yielded receptors with severely impaired basal 

10 signaling. A recent computer modeling effort has predicted that these three 

residues penetrate the heptahelical core of the receptor (Mierke, D.R and 
Pelligrini, M., Curr. Pharm. Des. 5:21-36 (1999)). Since all of these mutants 
responded well to exogenous Q-PTH(l-34), it is unlikely that the effects on 
signaling are explainable by differences in receptor expression. In order to probe 

15 further the hypothesis that the tethered ligand interaction mimics that used by 

PTH, the influence of certain receptor mutations in the third extracellular loop that 
are known to effect interactions with the N-terminal residues of exogenous ligands 
(Lee. C, etal., Mol Endo, 9:1269-1278 (1995)) may be undertaken. 

One explanation for the greater mutational tolerance of certain PTH 

20 residues in hPlR-[R n ]-Tether(l-l 1) (e.g , Gin 6 , Leu 7 and His 9 ), in comparison to 

similarly substituted PTH(1-14) peptides, is that the high effective molarity of the 
tethered ligand allows for a discrimination between those residues that principally 
affect receptor signaling (i.e. Val 2 , He 5 , and Met 8 ) and those that principally affect 
ligand binding. The ability to elucidate such a structure/function relationship 

25 within the N-terminus of PTH peptides has not been available previously, because 

the cAMP potency of a given analog is inextricably linked with its affinity for the 
receptor (Colquhoun, D. ? Brit J. Pharmacol 725:924-947 (1998)). 

Regardless of whether or not the tethered and exogenous ligands are 
utilizing the same receptor contacts, the ability to eliminate the need for high 

30 affinity binding has significant advantages. The tethered ligand/receptor system 
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described herein likely represents another critical step towards the discovery of a 
small molecule PTH mimetic. 

The tethered receptors (S-L-R' s) of the invention may be used in screening 
assays for PTH agonists. Such agonists might come from libraries of compounds 
(peptide or nonpeptide) that are added exogenously to S-L-Rs expressed in cells 
or they might come from mutational variations of the S-component of the S-L-R 
that lead to enhanced autoactivation, in which case the mutant S-component 
sequence could be synthesized by means known in the art, as a short isolated 
peptide and this could then be used as a new drug. 

Summary of Example 6. 

Interaction between the N-terminal residues of PTH and the region of the 
PTH receptor containing the extracellular loops and transmembrane domains is 
thought to be a critical step in receptor activation. This hypothesis was evaluated 
by replacing the N-terminal extracellular domain of the hPTH-1 receptor with 
residues (1-9) of rPTH (AVSEIQLMH) using a tetraglycine linker between His-9 
and Glu-182 at the extracellular end of the first transmembrane domain to yield 
hPlR-Tether(l-9). Expression of hPlR-Tether(l-9) in COS-7 cells resulted in 
basal cAMP levels that were 4- to 5-fold higher than those seen in control cells 
transfected with hPlR-wildtype. Extending the ligand sequence to position- 1 1 
and including the activity-enhancing substitution of Leu-ll-»Arg yielded 
hPlR-[R u ]Tether-(l-ll) which resulted in a 20-fold increase in basal cAMP 
signaling, which approached the maximum agonist-stimulated response attained 
by hPlR-wildtype. Alanine-scanofhPlR-[R n ]Tether-(l-l 1 ) revealed that Val-2, 
Ile-5 and Met-8 were crucial for autoactivation. Thus, tethered-ligand receptor 
constructs can be used for analyzing how PTH interacts with its receptor and 
induces G protein coupling, and should help to constrain models of the overall 
topological orientation of PTH complexed with its receptor. 
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The foregoing specification, including the specific embodiments and 
examples, is intended to be illustrative of the present invention and is not to be 
taken as limiting. Numerous other variations and modifications can be effected 
without departing from the true spirit and scope of the present invention. All 
publications, patents and patent applications cited herein are incorporated by 
reference in their entirety into the present disclosure. 
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What is claimed is: 



1 . A compound of the structure or formula S-(L) n -B wherein: 

a) S is an amino terminal signaling functional domain of PTH; 

b) L is a linker molecule present n times; and 

c) B is a C-terminal binding portion of PTH(l-34) or PTHrP(l-34). 

2. The compound of claim 1 ? wherein said compound is an isolated 
polypeptide. 



3. The isolated polypeptide of claim 2 wherein n is 1-9. 



4. The isolated polypeptide of claim 2, wherein S is selected from the group 
10 consisting of PTH(l-9)(Ala Val Ser Glu He Gin Leu Met His (SEQ ED NO: 1), 

PTH(l-5)(Ala Val Ser Glu lie (SEQ ID NO: 4) or PTH (1-11) (Ala Val Ser Glu 
lie Gin Leu Met His Asn Leu (SEQ ID NO: 46). 



5 The isolated polypeptide of claim 1, wherein L is selected from the group 
consisting of Gly 5? Gly 7 and Gly 9 . 

15 

6. The isolated polypeptide of claim 1 , wherein B is selected from the group 
consisting of PTH(15-3 l)(Leu Asn Ser Met Glu Arg Val Glu Trp Leu Arg Lys 
Lys Leu Gin Asp Val (SEQ ID NO:2), PTH(1 7-3 l)(Ser Met Glu Arg Val Glu Trp 
Leu Arg Lys Lys Leu Gin Asp Val (SEQ ID NO:4), PTHrP(l 5-3 l)(Ile Gin Asp 
20 Leu Arg Arg Arg Phe Phe Leu His His Leu He Ala Glu lie (SEQ ID NO: 8), and 

PTHrP(17-31)(Asp Leu Arg Arg Arg Phe Phe Leu His His Leu He Ala Glu He 
(SEQIDNO:12). 



7. The isolated polypeptide of claim 1 selected from the group consisting of 
PG5 : Ala Val Ser Glu He Gin Leu Met His Gly Gly Gly Gly Gly Leu Asn Ser Met 
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Glu Arg Val Glu Tip Leu Arg Lys Lys Leu Gin Asp Val (SEQ ID NO:3), PG9. 
Ala Val Ser Glu He Gly Gly Gly Gly Gly Gly Gly Gly Gly (Leu Asn Ser Met Glu 
Arg Val Glu Tip Leu Arg Lys Lys Leu Gin Asp Val (SEQ ID N0:5), 
PG7: Ala Val Ser Glu He Gin Leu Met His Gly Gly Gly Gly Gly Gly Gly Ser Met 
5 Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gin Asp Val (SEQ ID N0:6), PrPG5 : 

Ala Val Ser Glu His Gin Leu Leu His Gly Gly Gly Gly Gly (lie Gin Asp Leu Arg 
Arg Arg Phe Phe Leu His His Leu He Ala Glu He (SEQ ID N0:9), PrPG9: Ala 
Val Ser Glu His Gly Gly Gly Gly Gly Gly Gly Gly Gly (He Gin Asp Leu Arg Arg 
Arg Phe Phe Leu His His Leu He Ala Glu He (SEQ ID NO: 1 1) and PrPG7: Ala 
10 Val Ser Glu His Gin Leu Leu His Gly Gly Gly Gly Gly Gly Gly Asp Leu Arg Arg 

Arg Phe Phe Leu His His Leu He Ala Glu lie (SEQ ID NO: 13) and functional 
derivatives thereof. 



8. The isolated polypeptide of claim 2, wherein said polypeptide is selected 
from the group consisting of PG5 (PTH (l-9)-(Gly) 5 -PTH( 15-31) (SEQ ED 
15 NO:9), PG7(PTH(l-9)-(Gly) 7 -PTH(17-31)(SEQIDNO:ll) ) PG9(PTH(l-5)- 

(Gly) 9 -PTH(15-31) (SEQ ID NO: 13). and functional derivatives thereof. 



9. The isolated polypeptide of claim 8 wherein there is a single amino acid 
substitution. 



10. The isolated polypeptide of claim 2, wherein: 
20 (a) S is X Val X Glu X XXX His (SEQ ID NO: 42), wherein X is an 

amino acid; 

(b) L is 5-10 glycine residues; and 

(c) BisXXXXXArgXXTrpXLeuXLysLeuXXVal(SEQID 
NO: 43), wherein X is an amino acid. 



25 



1 1 . The isolated polypeptide of claim 2, wherein: 

(d) S is Ser Val Ser Glu He Gin Leu Met His (SEQ ID NO: 44); 
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(e) L is 5-10 glycine residues; and 

(f) B is as Leu Asn Ser Met Glu Arg Val Glu Trp Leu Arg Lys Lys 
Leu Gin Asp Val (SEQ ID NO: 45). 

12. The isolated polypeptide of claim 1, selected from the group consisting 
of: PG5 (PTH (l-9)-(Gly) 5 -PTH(15-31) (SEQ ID NO:9), PG7 (PTH (1-9)- 
(Gly) 7 -PTH(17-3 1) (SEQ ID NO: 1 1) and PG9 (PTH (l-5)-(Gly) 9 -P TH(15-3 1) 
(SEQ ID NO: 13). 

13. The isolated polypeptide of claim 2, wherein said polypeptide is a 
biologically active polypeptide. 

14. The isolated polypeptide of claim 2, encoded by a nucleic acid sequence 
selected from the group consisting of: SEQ ID NO: 14, SEQ ID NO: 15 and 
nucleic acid (SEQ ID NO: 16) sequence. 

15. An isolated nucleic acid sequence encoding the polypeptide of any one 
of claims 2-13. 

16. An isolated polypeptide of the structure of formula R r S-(L) n -R, or 
S-(L) n -R wherein: 

a) is the PTH-1 receptor signal sequence; 

b) S is an amino-terminal ligand signaling peptide; 

c) Lisa linker molecule present n times, where n is a po sitive integer 
1-10, most preferably 4; and 

d) R is PTH-1 receptor sequence or a portion of the receptor 
sequence. 
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17. The isolated polypeptide of claim 16, wherein R x is the PTH-1 
receptor(l-25) peptide, S is the PTH(l-9) peptide, L is Gly, wherein N is 4; and 
R is the PTH-1 receptor (182-end). 

18. The isolated polypeptide of claim 16 having the the formula S-(L) n -R, 
wherein the Rj moiety has been cleaved. 

19. An isolated nucleic acid sequence encoding the polypeptide of claim 16. 

20. An isolated polypeptide of the formula S-R, wherein: 

1 . S is an amino-terminal signaling polypeptide; and 

2. R is a carboxy-terminal receptor polypeptide. 

21. The isolated polypeptide of Claim 20, wherein S is the amino-terminal 
signaling polypeptide X Val X Glu X X X X His, wherein X is an amino acid. 

22. An isolated polypeptide comprising a sequence selected from the group the 
of sequences consisting of SEQ ID NO: 37, SEQ ID NO:39 and SEQ ID NO: 
41. 

23. An isolated nucleic acid sequence encoding a polypeptide sequence of 
claim 22. 

24. An isolated nucleic acid sequence selected from the group consisting of 
SEQDDNO:36, SEQ ID NO:38 and SEQIDNO:40. 

25. An isolated nucleic acid sequence, wherein said sequence is at least 95% 
identical to or binds under stringent conditions to a sequence of claim 24. 

26. A recombinant vector comprising a nucleic acid sequence of claim 15 
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27. A recombinant host cell comprising the DNA of claim 26. 

28. A recombinant vector comprising a nucleic acid sequence of claim 23. 

29. A recombinant host cell comprising the DNA of claim 28. 

30 A method for treating mammalian conditions characterized by decreases 
5 in bone mass, wherein said method comprises administering to a subject in need 

thereof an effective bone mass-increasing amount of the polypeptide of any one 
of claims 2, 16 or 20. 

31. A method for determining rates of bone reformation, bone resorption 
and/or bone remodeling comprising administering to a patient an effective amount 

10 of a polypeptide of any one of claims 2, 20 or 40 and determining the uptake of 

said peptide into the bone of said patient. 

32. The method of claim 30, wherein said effective bone mass-increasing 
amount of said peptide is administered by providing to the patient DNA encoding 
said peptide and expressing said peptide in vivo. 

15 33. The method of claim 32, wherein the condition to be treated is 

osteoporosis. 

34. The method of claim 24, wherein the effective amount of said polypeptide 
for increasing bone mass is from about 0.01 (ig/kg/day to about 1.0 |ug/kg/day. 

35. A method of treating diseases and disorders associated with decreased 
20 Tetherl activity comprising administering an effective amount of the polypeptide 

of any one of claims 2, 20 or 40, or an agonist thereof to a patient in need thereof. 
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36. A method of increasing cAMP in a mammalian cell having PTH- 1 receptors, 
comprising contacting said cell with a sufficient amount of the polypeptide of any 
one of claims 2, 20 or 40 to increase cAMP. 

37. The isolated polypeptide of claim 2 wherein B is 10-20 amino acids in 
5 length. 

38. A method for screening for a peptide or non-peptide PTH agonist 
comprising: 

a) binding a polypeptide of claim 16 to a potential agonist; and 

b) isolating said potential agonist from said polypeptide. 

10 39. The method of claim 38, wherein said polypeptide is Tether 1 or rSNt. 

40. An isolated polypeptide, wherein said polypeptide is obtained by the 
method of claim 38. 
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PTH Functional Domain Conjugate Peptides, Derivatives 
Thereof and Novel Tethered Ligand-Receptor Molecules 

Abstract 

Novel parathyroid hormone (PTH) peptides and analogs thereof of the 
5 PTH(l-34) fragment are disclosed that combine the N-terminal signaling domain 

(residues 1-9) and the C-terminal binding domain (residues 15-31) via a linker 
Nucleic acid molecules and peptides for PTH(l-9)-(Gly)5-PTH(15-3 1) (PG5) and 
PTH(l-9)-(Gly)7-PTH(15-31) and a novel PTH receptor are disclosed. 
Additionally, methods of screening for PTH agonists, pharmaceutical 
10 compositions and methods of treatment are disclosed. 
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PG5 PTH (1-9) / (Gly) sPTH (15-31) 
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1 GCUGUUUCCG AAAUCCAGCU GAUGCACGGU GGUGGUGGUG GUCUGAACUC 
51 CAUGGAACGU GUUGAAUGGC UGCGUAAAAA ACUGCAGGAC GUU S&3 Jfi /V 



PG7 PTH (1-9) / (Gly) 7PTH (17-31) 

A „ V -S-E-I-Q-L-M-H-g-g-g-g-g-g-g-S-M-E-R-V-E-W-L-R-K-K-L-Q-D-V-NH2 J D 1 1 



1 GCUGUUUCCG AAAUCCAGCU GAUGCACGGU GGUGGUGGUG GUGGUGGUUC 
51 CAUGGAACGU GUUGAAUGGC UGCGUAAAAA ACUGCAGGAC GUU SEQ 2 1) f\)<3 1 5 



PG9 PTH (1-5) / (Gly> *PTH (15-31) 

1 31 

A-V-S-E-I-g-g-g-g-g-g-g-g-g-L-N-S-M-E-R-V-E-W-L-R-K-K-L-Q-D-V-NH2 S£<3 ID / 3 



1 GCUGUUUCCG AAAUCGGUGG UGGUGGUGGU GGUGGUGGUG GUCUGAACUC 
51 CAUGGAACGU GUUGAAUGGC UGCGUAAAAA ACUGCAGGAC GUU f\l#: \b 
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C0S-7/hPTH-1R 



COS-7/Null allele 




peptides @ 10 uM 
except PTH(1-34)=1 uM 




Peptides @ to urn, except PTH(l-34) at 1 uM 



COS-7/hPTH-1 receptor 




[ligand] nM 



C0S-7/hPTH-1 R 




[Ligand] 



COS-7/hPTH-1 R 



-•- rPTH-(1-34) 

H- PG5 

PTH-{1-14) 




ligand 




A-V-S-E-l-Q-L-M-H-N-L-G-K-H . 



Alanine Scan of PTH(17-31) 


native PTH(17-31) 


Binding IC S0 
(uM) 
1.0 + 0.1 


n 
14 


Position 


Substitution 




17 


Ser-Ala 


1.5 + 0.2 


14 


18 


Met- Ala 


1.5 ±0.3 


5 


19 


Glu-Ala 


0.7 ±0.1 


5 


20 


Arg-Ala 


90.5 ±50.0 


5 


21 


Val-Ala 


1.7 ±0.2 


5 


22 


Glu-Ala 


0.6 ±0.2 


8 


23 


Trp-AIa 


> 100 


8 


24 


Leu- Ala 


67.5 + 14.3 


5 


25 


Arg-Ala 


3.8 ±0.9 


5 


26 


Lys-Ala 


8.3 ±1.2 


5 


27 


Lys-Ala 


1.1 ±0.1 


5 


28 


Leu- Ala 


9.9 ±1.4 


5 


29 


Gin- Ala 


0.9 ±0.1 


5 


30 


Asp- Ala 


1.1 ±0.2 


5 


31 


Val-Ala 


3.8 ±0.6 


5 


Competition binding analysis for each PTH(17-3 1) peptide analog was 
performed in COS-7 cells transfected with PTH-2 receptors. IC 50 is the 
dose of a peptide analog which inhibited by 50% the binding of 125 I- 
rPTH(l-34). Each analysis was performed the number of times 
indicated(n). 



MAP Of: tetb.eir-l*seq from: 2319 to: 3698 

PTH(l-9> linked to Glu-182 of rat receptor, insert immediately after 
Xyr23 cleavage site. DecencCber 29, 1998 15:27 

ATGGGGGCCGCCCGGArCGCACCCAGCCTGGCGCTCCTACTCTCCTGCCCAGTGCTC^GC 
MGAARIAPSLALLLCCPVLS 
TCCGC c TATCCGGUUUCCG AAAXJCCAGCUGAUGCACggcggaggaggcGAGGTATXTGAC 
SAYAVSE X QLMHGGGGBVFD 
CGCCTAGGCATGATCTACACCGTGGGATACTCCATGTCTCTCGCCTCCCTCACGGTGGCT 
RLGMIYXVGYSMSLASLTVA 
GTGC!TCATCCTGGCCTATrTrAGGCGGCTGCACTGCACGCGCAAC37ACATCCACATGCAC 
VLILAYFRRLHCXRNYIHMH 
ATGTTCCTGTCGTTTATGCTGCGCGCCGCGAGCATCTTCGTGAAGGACGCTGTGCTCTAC 
MFLS FM1/RAASI FVKDAVLY 
TCTGGCTTCACGCTGGATGAGGCCGAGCOCCT<^C^GAGGAAGAGTTGCAC^TCATCGCG 
SGFTLDEABfcfcEEEEIiHIIA 
CAGGXGCCACCTCCGCCGGCCGCTGCCGCCGTAGGCTACGCTGGOTGCCGCGrGGCGGTG 
Q V P P PPAAA*AVGYAGCKVAV 
ACCTTCTTCCTCTACTTCCTGGCTACC^CtrACTACXGGAToCTGGTGGAGOGGCMTAC 
TFFLYFLAXNYYWIIiVEGLY 
XTCC^CAGCCTCATCTTCATGGCC^TTTTCTCAGAGAAGAAGTACCTGTGGGGCTTCACC 
LHSLIFMAFFSEKKYLWGFT 
ATCTTXGGCTGGGGTCTACCGGCTGTCXTCGTGGCXGTGTGGGXCGGTGTCAGAGCAACC 
IFGWGLPAVFVAVWVGVRAT 
TTGGCCAACACTGGGTGCTGGGATCrGAGCTCCGGGCACAAGAAGTGGATC^TCC^GGTG 
LANTGCWDLSSGHKKWIIQV 
CCCATCCTGGCATCtGTTGTGCTCAACTTCATCCTTTTTATC^CATCATCCGGGXGCrX 
PILASVVLNFILFINXIRVL 
GCCACXAAGCTTCGGGAGACCAATGCGGGCCGGTGTGACACC^GGCAGCAG'rACCGGAAG 
ATKLRETNAGRCDTRQQVRK 
CTGCTCAGGTCCACGTrGGTOCXCGTGCCGCTCTTOTGGTGTgCACXACACCGTCTrCATG 
LLRSTLVLVPIiFGVHYTVFM 
GCCTTCCQGTACAGCGAGGTCTCAGGGACATTGTGGCAGATCCAGATGCATTATGAGATG 
A L P Y X E V S GTLWQIQM-HYEM 
CTCXTCAACTCCXXCCAGGGATTXXTXGTTGCCAXCATAXACXGTXXCXGCAATGGXGAG 
X.FNSFOGFFVAIIYCFCNGE 
GTGCAGGCAGAGATTAGGAAGTCATGGAGCCGCXGGACACTGGCGTTGGACTTCAAGCGC 
VQAE IRKSWSRtfTLALDFKR 
AAAGCACGAAGTOGGAGTAGCAGCTACAGGTATGGCCCAATGGTGTCTCACACGAGXGXG 
KARSGSSSYSYGP MVSHTSV 
ACCAAXGTGGGCCCCCGXGCAGGACXCAGCCXCCCCCXCAGCCCCCGCCXGCCXCCXGCC 
TNVGPRAGLSLPL'SPRLPPA 
ACTACCAAXGGCCACXCCCAGCXGCCTCGCCAXGCCAAGCCAGGGGCTCCAGCCACXGAG 
TTNGHSQLPGHAKPGAPATE 
ACTGAAACCCTACCAGTCACXATGGCGGXTCCCAAGGACGAXGGAXXCCXXAACGGCTCC 
TETLPVX'MAVPKDDGFLNGS 
TGCTCAGGCCTGGATGAGGAGGCCXCCGGGTCXGCGCGGCCGCCXCCAXXGXXGCAGGAA 
C 'SGLDEEASGSARPPP^LQE 
GGAXGGGAAACAGTCATGTGA SGQ I D fvJo 3b 
G. W B .T V M * rD tsfo : 3^ 
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Figure °l 

MAP of: Tether- 1 C, checK: 6795 from: 2319 to: 3326 
Stop codon at 481 added to Tether-1 * 

AXCGGGGCCGCCCQGATCGCJlCCC^GCCTGGCGCTCCTACTCrGCT^CC^GTGCiCAGC 
a MGAARIAPSLALIiLCCPVLS 

TCCGCcTATGCGGUUUCCGAAAUCC^G^UGAUGC^Cggcgg&ggaggcGAGGrATTTOAC 
a SAYAVSEXQ&MHGGGGEVFD 

CGCCTAGGCATGATCTACACCGTGGGATACrc^ 

GTGCTCATCCTGGCC^TTX^AGGCGGCTGCACTGCACGCGCAACTACATCC^ 
a VIiX I/A^FRRIrHCTRNYlHKH 

AXGTTCCTGTCGTrTATGCTGCGCGCCGCGAGCATCT!CCGTGAAGGACGCTGX(^TCTAC 
a WFIiS FMLRAAS I F V K 1> A V L Y 

TC^GGCTTCACGCXGGATGAGGCCGAGCGCCTCACAGAGGAAGAGTTG<^CATC^TCGCG 
a SGFTLDEAERLTEEELHIIA 

CAGGTGCCACCTCCGCCGGCCGCTGCCGCCGTAGGOTACGCTCGCTGCCGCGrGGCGGTG 
a QVPPPPAAAAVGVAGCRVAV 

AGCraCTTCCXCTAGTTCCTGGCTACCZkACTACTACTGGATcCrGGTCGAGGGGCTGTAC 
a TFFIiYFLATNYXWILVEGLY 

TTGCACAGCCTCAXCWC^TGGCCTTTTTC^ 
a LHSIilF MAFF SEKKYLWGFT 

ATCTTTGGCXGGGGTCTACCGGCTGTCTTCGTGGCTGTGTGGGTCGGTGTCAGAGCAACC 
a 1FGWGLPAVFVAVKVGVRAT 

TTGGCCAACACTGGGTGCTGGGATCTGAGCTCCGGGCACAAGAAGTGGATCATCCAGGTG 
a LAN!CGCW»I#SSGHKKWIIQV 

CCCATCCTGGtoTCTGTTGTGCTCA&CXTCATC^ 
a PXLASVVLNFILFIHIIfcVL 

GC c^ctaagcttcgggagaccaatccgggccggtgtgacaccaggcagcag^accgga^g 
a atklrstnagrcdtrqoyrk 

CTCCTCAGGTCCACGTTGGTGCTCGTGCCGCTCraxGGXGTO^ACTACACCGTOTTCATG 
a LLRSTLVIfVPLFGVHYTVFH 

GC C TTGCCG^ ACaCCG AGGT CTC AGG GACATTGTG GCAGATCC AGATG CATTATG AGATG 
a ALPYTEVSGTL'WQIQMHYEM 

CTCTXCAACtCCXTCCAGGGATTTTTTGTTGCCAT^TATACTGTTTCTGCAATGGTGAG 
a LFNSFQGFFVAXX 5TCFCNGB 

GTGCAQGCAGAGAXTAGGAAGTCATGGAGCCGCTGGACACTGGCGTaG ^ MO' 38 

a vqaexr.kswsrwtla* Xl> 0 ; ^ 
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MAP of rdol Ctffc/Cfc) 

ATGGGGGCCGCCCGGATCGCACCCAGCCTGGCGCTO 
a K G A A R I APSLALXiI>CCPVLS 

TCCGCATATGC(^^AGCTATTIGAC£G^ 
a SAYALEVFDRLGMIYTVGYS 

ATGTCTCTCGCCTCCCTCAOSGTGGCTGTGCTC^^ 
a MSLASX»TVAYLXLAYFRRLR 

TGCACGCGCAACTACATCCACATGCACATGTTC^^ 
a CTRNYIHMHMFLSFMfcRAAS 

ATCT TCGTGAAGGACGCTGXGCTCTACT CTGGCTTC ACGCTGGAT G&GGCCGAGC GCCTC 
a IFVKDAVIiYSGFTLDEAERL 

ACAGAGG^GAGX^G<^CATCATCGCG<^ 
* ?aSEX,HXXAftV£:p£>P<AAAAV 

GGCXACGCTGGCTGCCGCGTGGCGCTGACCTTC:^ 
a GYAGCRVAVTFFLYFLATNY 

T ACT GGATc CTG GTGGAGGGGCTGT ACTTGC AC AGCCTC ATOT X<^TG<X:CX CTCA 
a YVfl^VEGLYLKSLIFMAFFS 

GAGAAGAAOTACCTCGTGGGGCTTCACCATCTre 
a EKKYIiWGFTIFGWGliPAVFV 

GCTGTGTGGGT CGGTGTCAGAGCAACCTTGGCCAACAC TGGGTGCTGGGAT CTGAGCT CC 
a AVWVGVRATLANTGCWDLSS 

GGGCACAAGAASH^TCATCC%GX^^ 
a GHKKWIIQVPILASVVLKFI 

CTTTTTATCAACATCATCCGGGTGGTT^ 
a LFINIXRVLATKJ&RETtfAGR 

TGTGACACCAGGCAGCACTACCtfSGAAGCXGCTCAGGTCCACG^ 
a v CI>TRQQYRKIiIiRSTI,VLV?L 

^TTGGTGTgCACTACACGGS'CTTCATGGCCTT^^ 
a FGVHYTVFMALPYTEVSGTL 

TGGCAGATCCAGATGCATTATGAGATG£TCTTCAACTCC 
a WOIQMHYEKLFNSF0GFFVA 

ATCATATACTGTTTCTGC^TGGXGAGGTGCAGGC^^ 
a XIYCFCNGEVCjAEIRKSKSR 

TGGACACTGGCGTaG IP : HO 

a * X L A * SEQX0c*>'4l 



Oligo i« designed to Join PTH(i-9> wquence to core of receptor using * Cly linker. Test for constitutive activation. 

Insert Wediately after predicted signal peptidase cleavage .ite «TYr23, u*e iu.24 as: ALa.1 of PTH. Join to Clu-lt2 - ^ „ 

ttiA.WT Map red - flanking homology 

U-<0) 

AT^^GCCCCCATCCCACCCACCCTCGCCCT S C f\ m K)Q* *} L * *j <£ ^3 . 

* "CAARIAPSLALLLCCFVLS - Sfc^JO 7 

KDEI — 

TCCCCATATCCGCTGGTCGATCCCGACCATGTCTTTACCAAAGACGAACAGAT^TTCCT C*. - * / /I 

* SAYALVDAD D V F T K £ EQ IFL - ' ' C» ' ' / 

<lfi 1-200) 



AACCGGACCTGCGCCAACTACACCGAGTCCCTCAAGTTCATGACCAATGAGACCCGCGAA ( f . 

7TTTT~;r + v"rT'~r~r — + * *~ 612 s e q jo no g«,m 

CCGCAGGTATTTGACCGCCTAGGCATGATCTACACCXiTGCGATACTCCATGTCTCTCG^ 
C13 + <- + + < +— 672 

REVFDR-LCM IYTVCYSKSLA - 



Fig It & 



&*Jfctranslate PTHU-9 J Cly4 . ; 

41 <^^^CC<^AAOCCAGCUGAUGCACggcggaggaggc $JtQ '° N 0 ^ ^ 

S^J^'Si^'M^r wlTS E182 ' USG ib ° Ut 30 ntS for banking homology 

3 :^^ K HO[a " 33 nt, 3* flank Horn - 30 nt. total - 99 nts. 

oiM^o: Sequence ID#: E1G631A1 
SBSSS^^ S*r<} * 

OcSf.rcheckj 

HA$iof: Y23E182C4PTHl-9.seq from: 1 to; 9 9 

3HA sequence for making Tethered PTH llgand/receptor 

Receptor - rat PTK1 Rec 

iTteert PTH(l-9)-Cly4 sequence between Tyr23 and Clul82. 

?! t * S COdon 1 of PTH, flanking homology of -30 nts h i C 1 I ( 

raSass out KDEI site at Ala 22 CCA~>ccc ' ' ^ 

Wltli; 1 enzymes: KDEI 



CTCTCCTGCCCAGTCCTCAGCTCCCCc^ f - /) , ^ flJ0'$~O dvf/ 

lccpvlssay/avseiqIiMhc - V ' 



ggagga ggcGAGGTATTTGACCGCCTAGGCATGATCTAC 

cgc/evfdrlgmiy 



F~ I G - II O 



rtelix XIi-/rec~<ina> wore tether-1 .map from:- 235 0 to: 2650 

Tethered PTH (1-9) to core receptor. 
PTH(l-») linked to Clu-182 of rat receptor, 
insect immediately after Tyr23 cleavage site. 
Oligo tether 1 spans 2358 to 2891. 
Takes out KDEI at 2390 Ala-22) . 



FlGUA.es il £-l"<S 



Wdel CA'TA TG 



Cuts at: 1750 
Sire: S769 



It £ 



tfAPSORT of: rOelEl-G.seq from: 1- to: 5736 
***To be used as template SS DNA for Tether-1 OH. 
Klth-1 enzymes: HDEI ._ - ~ 

Kdel CA'TA TG 



Cuts att 1790 23B4 1730 
Sire: 594 S142 



Cjjligo Kinl-HA-l: 
^eqaence XD#: E16853A1 

^CTCCTGCCCAGTGCTCKTCTCCCCATATccct^^ f~ / £ ( / £ 



HAP of: mini-HA.seq from: 1 to: 96 

0ligo sequence for adding HA Epitope tag to Headless rat P1R. 
Xffoert 9 aa tag, YPYDVPDYA, between Tyr23 and Glul8 2 f using 

*£%k 23 as codon 1 of tag f and add 4 glys for spacer. Flanking homology of -30 
Takes out KDE1 site at Ala 24 GCG->ccc (31-33). 

With 1 enrymes: KDEI 

i , «. + 4 €Q $ e Q }0 a/c>:sj? so 

LCCPVL SSAYPYDVpDYACC _ - - 

/' / 6 / 7 

WiggcCAGCTATrTGACCGCCTACGCATCATCTAC ~ 

* * + 96 

* ccevfdr lcki y - 

Enzyme* that do not cut: Kdel 



•12. 




Fig & 




200 




Incubation time with IBHX (min) 



fig iS 




From human PTH-1 receptor by r&placing Ala24 to ArglSl with. Alal to 
Of PTH, then 4-Gly linfcer between fiis9 and G1U182 by oligonucleotide AUtagenesjls 
with, olxgo E209B6 

atg^gG^ccGCccggatcgcaaccggcctLggcgctcctgc-cctgctgccccgtgctcagc & /O 

2237 < + + + H — + + ~ — 2346 £ (£ q to A/c _ (, $ 

a MGTARIAPGLAr.I#LCCP.VIiS- 
t ccgcgt acgcggtttceg aaat ccagctgat gcacggcggaggaggagaggtgtt^gac 

2347 + + • + ■ + -4. 4 2406 

a. SAYAVSEIQLMHGGGGEVFD 

cgcctgg^gcat^atttacaccgtgo^ctac^ccgtgcccctggcgtccctcactgrtAgct 

2407 + + + (- ■ + + — 2466 

a RLGMIYTVGYSVSLASLTVA 

gtgctcat cctggcctact ttaggcggcXgea ct gcacgcgcaacx acat ccacafcgcac 

2467 4- + + -+ + + 2525 

a VLILAYFRRLHCTRNYIHMH 

ct get cct gt cctt cat get gegege cgt gagcat c 1 1 cgt caagga egct g&gc t □ t ao 

2527 + + + — + + + >- 2586 

a , LF3L5FMLKAVSIFVKDAVLY 

tctggcgccacgct^ga^gaggctgagcgcctcaccgaggaggagc^gcgegccatcgcc 

2587 — + — + + +— + -+ 264 6 

a s'gATLDEAERLTEEELRAIA 

caggcgcccccgTScgcatgQc-accgccgctgccggctacgcgggctgcagggtggctgtg 

2647 + + + > + + + 2706 

a QAFPPPATAAAGYAGCRVAV 

aoct t ctt ccttt act t cct ggccaccaact a cz act ggafct c t ggtggaggggctgt ac 

2707 +-- + +— + ™-4- 2766 

a TFFLrrLATNYrWILVEGLX- 
cx;gc:acagcctcatcttcatggcGttcttctcagaga.agaagtacctgtggggcttcaca 

2767 + + 4- +— + : 1— - 2826 

a LHSLIFMAFFSEKKYLWGFT 

gt c c t egget ggggt ccgcccgct gt ct x. c gt gg ct gt gt gggt c ag^ gt c agagct a c c 

2S27 +< * + + + 2666 

a VFGWGI/PAVFVAVWVSVRAT 

ctggccaacaccgggtgctgggacttgagctcogggaacaaaaagtggatcatecaggtg 

2667 v ■ + ■ + 4- ' + 4— 2946 

a LANTGCWDLSSGEIKKWIIQV 

cccatcctggcctcc^ttgtgcrtcaacttcatcctcttcatcaatatcgtccgggtgctc 

2547 + 4- + ' r + + 3006 

a PILASIVLUFILFlfllVRVL 

gccaccaagctgcgggagaccaacgccggccggtgtgacacacggcagcagtaccggaao; 

3007 +— — 1 +— + . +~ + 3066 

a AiKLRETNAGRCDTRQQYRK 

c^gcTicaaatccacgcrCggcgctcatgcccctctL^ggcgtccactacattgtctCcatO; 

3067 + +■ + -t— ■ + + ™ 3126 

a LLKSILVLMPLFGVE^IVFM 

gccacAc6atacaccgaggt&tcagggacgctci:ggcaagtccagatgcactatgaga.tg 

3127 4- + - + + + + 3186 

a AIFYTEVSGTtffQVQMaYEM 

ctctt caact cct t c cagggatttrt t gt cgcaat c at at ac t gttt ctgcaat ggcg&g 

a LFNSFQGFFVAI IYCFCSGE 

gtacaagctgagatcaagaaatcttggagccgctggacactggcactggacttcaagcga 

3247 — -4- + — ■ + + + h 3306 

a VQAEIKICSWSRWTLALDFXR 

aaggcacgcagcgggAgcagc-agctat agct a cggcccca^ggtgE cccacaca &gtgcg 

3307 + + + + +■ 3366 

a KARSG5SSYSYGPMVSHTSV 

accaatgtcggcccccgtgtgggactcggcctgcccctcagcccccgcctactgcccact 

a TNVGFRVGLG LP LSERLLET 

gccaccaccaacggceaccctcagctgcctggccatgccaagccagggaccccagccctg 

3427 1- • + 4- 4- + + 34 a 6 

a ATTNGHPQLpGHAKFGTPAt 

ga^-accct cga^accacacc acc:T:gc:cat gg ctget c<: taagga cgat gggrt crt caac 

34e7 + „™__ h + —4— + + 3546 

a ET&ETT2PAMAAPKDDGFLN 

ggct ectget caggect ggacgaggaggect ct gggc ctgagcggccacccgccc tget a. 

a GSCS6I.DBEAS(3FERPPALL 
caggA agagt ggg ag ACagt c at gt gaitcagg cget gggggct 

3607 -I — + +- 4- ■ 3 659 

a QEEWETVM' 



ft 



hunan PTfl-1 roe deleted for 24-181,* Joins Tyr43 to Giuia2, 
February 25, 13t3fl 



22 SO 



TCGATCC C6CQ GCCC'raGGCGGT^SCSaT.yggGAccCCccgg' a t eg cacCC^gccfc Sg^g 



M G T A £ I A 

+ ( + 1 , 1 ™. 2 

LX.bCCPV&55Ar£VPDBLGK 

acttacaocgt fl^fcractccgt«tcccrggctrtwccca<se:g tagct at gctcafc eetg 



IAPGLA- OCt< 



gectacttt aggcggctgcact greaegegea set acatccaca tgc aeccg tt cct gxec 
2440 H — +- 1 — -I ■ 1 2493 

t tc a t $e fcgeagog ccgt^ageafcettcgt cao ggacget gvgctctactct ggegecae 7 

250 D H ™-h — ' 1 — 1 ■ 2559 

*KLAAVSIPVKDAVL3fSCAT 

ct t^fttgaggct gag egwfccaecgaggaggagc tgcg<?gccar cgcccaggcgcccce g 

2560 -t — I ■■ +« > 1 ■ 1 2619 

t-DEJLfcRLSEBEIfRAlAQAPP 

tcgcctg«accgtegctgt;cggecatgcgggcTgcagggcggcfcgT;gacct"cc;t:tccT:t 

Z6ZQ i t— ■ — 1 — — H 1 2679 

PPAIAR&GYXCCRYAVTFE-I. 

tactxcctggccaceaaecac^ aetggafcfcecggtgg agggg<=tgx a Oct gcacagcctc 



2680 



FLAT(syV«ILVE(Sr.yLHsL 

atC ttcatggccrc CC"Cctcagaga 3 ff3 a<it.accfcgtgggg<: t tcacngtcrr ^ c gg cc 9 g 

* — — , «x + ^ 27 

IFMArFSEKKYLMGFTVFcw - 



ggt Gt ^ 6 Ccgct gc ct tegt ggc tgtgtgggtc&g tg te:ig»g<??ara tt ggee a a cacc 

2800 -t 1 — h — — 4 — +- 2 H 5 9 

CLPAVFVAVKVSVUATLAKT 

ggT&gor gggactfcgaget eegggaaca a aaa g C g gafccatacaggi: $ eccot cct gg<?c 

23 60 4 1 -H f i — * 2519 

CCNDLSSGHKKWIIQVPILA 

•ccc ?•? t gug Gtcaactt cat CCtCt fceatea* tat Cfft ccgggtgcnogccaec oa gcx. g 

2320 + , < f-- e < \ 25"? 9 

5lVfcNfII.FINIvjlYLAT.KL - 

cgggaaaCcaacgceggccflrgcgtgacaGacgflcacffiagtaccggaagctgctcaaatcc 
298Q + ^ i — 1- +~ ■ 3039 

aegctg g tg ct cap gcecci: ttt tggcgt ccatt t acat tgr-ctxeat ggcczco c<? at a c 

304 (J *— 1 — — +- 1 1-- 30 99 

TLVtMPLrgVHllVFK^T^Y - 

accgaggtcttaggga^ctctggtaagtccagacgcactatgagatQCtcctcaactcc 

310Q -4 — | f-~ 1 H — l 3155 

T&VSGTXrUQVQMfiYEM.LFNs 

c tccflggga^Cttttgtcgoaat<M.tatacr.gTpfCCt gcaatggcgaggrAcaagecg^ g 

3160 -t i— — 1 • 1 3213 

FOCFFVAIIXCFCKGEVQAE 

atciagaflaccttygagccg^tggacaetggca^tggacttcaagcgaaaggtacgcagc 

3220 -t — 1 —4 ■ -I + 1 — 2279 

SKKSHSRWriiALDFKRKARS 

gggagoagcagct agetaegg ccccat^jg tgt cc«K?aca ag t gtgs ccaat gr egge 

3200 H — +- — + r -J ) 3339 

GESSVSxGPMVSBTSVraiVG 

ccccgt gtggg ac t cggcctgecffCtcagcircecgCCXlacrtigcee^ct «ccaccaccaac 

33i0 ■» f -— H < 1 . 33 W 

t»VGr.CLPX.«PRtLPTAITM 

g^^acccc.cagau a o^ggccargc«w7ccagggaeccCttgDcctgg^gacc{5i:cgag 
MOO -l ■ I -+ *- 1 3459 

accacaccace t gccatgg&t gctccca 9 ggacgatgggt-tcc^caacggcT^cc'c ycr ca 

14 €0 * 1-™- 1 ■■ 1 w^m—m. — | ( 3519 

TT?PXKAAFKD&?FLri?3C& 

ggcctggajfegaggaggcctctgggccxgagogg<sGacccgcc<:^ gctacagga^ gagegg 

5520 -f fr - 'L i 1 — — 357P 

G L 0 E SASGPiCRPPALLQBEM 

gagacag Ccatgtgraccaggcgci^gggggttC. ggacct goi= g-acut ogeg gat gjneagat 

3SBO 4 * = 1 - ■ i ~ 1 3639 

£ V V H * - 



Macie from Mether-1 by in seeing AsnlO-A^gll between His 9 and first: Gly or iinker 
by oligonucleotide rtmtagenesi.s with Qligo - E2730S 

atgggGAccGCcc$gatcgcacccggcctggcgctcctgctetgctgccccgtgctcagc 

££Q JO NO. 

228*3 1- + -4- ■ 4- t- + 2346 ££<> l& 

a MGXAHIAP6LALLLCCPVLS 

tccgcgtacgcggtttcegaaatccagctgatgcaTAATCGTggcggaggaggcgaggtg 

2347 +■ + H» + h 4- 2406 

a $ A Y A V S E I Q L M H NRGGGGEV 

tttgaccgcctgggcatgatttacaccgtgggctactccgtgtccctggcgtccctcacc 

2407 - — +■ + — + f- + 2466 

a FDRLGMIYTVGYSVSLASLT 

gtagctgtgctcatcctggcctactccaggcggctgcactgcACgcgcaacracatccad 
2467 - — 4- 4- 1- —I 1- + — 2S26 

a vav'l ilayfrrlhctknyih 

atgca c ct gt tcct gt ccttcatgct.gcgcgccgt.gagcarcttcgtcaaggacgci.gtg 

2527 — — l- + + + h +— « 2506 

a MHLFLSFMLHAVS1FVKDAV 

ctct^ctct^gcgccac^ttgatga^ctgagcgcctcaccgaggGggagctgcgcgcc 

2567 h +— + + * ■ + 2646 

a LYSGATLDEAERX-TEEEliRA 

atcgcccaggcgcceccgccgcctgccaccgccgctgecggctacgcgggctgcagggtg 

2647 — — h -+ ■ + 1- + +■ ■ 2706 

a IA.QAPFFPATAAAGYAGCRV 

gctgtgaccttcttcctttacttcctggccaccaactactactggattctggtggagggg 

2707 H 1- + + — + 2766 

a AVTFFLYF1ATNYYWILVEG 

ct gtacctgc ^cagcctdatcttcat ggcctt cttctcagaga ags act acct gt gggg c 

2767 -t- + ' 4 +— +■ + 2826 

a LYLBSLlFMAFFSEKKYLfcG 

ttcacggtcttcggctggggtctgcccgctgtcttcgtggctgtgtgggtcagtgtc^ga 

2a27 h + ■+ + h + — 2BS6 

a FTVFGWGLPAVFVAVWVSVR 

gctaccctggcc^acaccgggtgctgggacttgagctccgggaacaaaaagtggatcatc 
28 07 4- + + + -4- 2946 

<3 ATLANTGCWDLSSGNKKWII 

caggtgcccatcctggcctccattgtgcTicaacttcatcctcttcatcaatatcgtccgg 

294 7 — — -4- — ^ + 4- — - t- 3006 

a QVFILASIVX.MFZLFINIVR 

gtgctcgccaccaagci:gcgggagacca3cgccggccggtgtgacac=cggcagcagtac 

3007 1- — ■ 4- h v- 1- + 30 66 

a VLATKLRETNAGRCDrROQX 

cggaagetgctcaaatccacgctggtgctcatgcccctcnttggcgtccactacattgtc 

30 67 + 4- f 4-- 4- + 3126 

a RKLLKSTLVLMPXFGVRYIV 

ttcarggccacaccatacaccgaggtctcagggacgctctggcaagtccagatgcactat: 

a FMATPYTEV5GTLWQVQMHY 

gagatgctgttcaactccttccagggattttttgtcgcaafccatatactgtttctgcaat 

3187 4—, + + 4- 4- 1— - — 3246 

a EMLFNSFQOFFVAIIYCFCN 

ggcgaggtacaagctgagatcaagaaatcttggagccgctggacactggcactggacttc 

3247 + 4- — 1- — + i —4- 3306 

a GEVQAEIKKSWS&WTLALDF 

aagcgaaaggcacgcagcgggagcagca^ctatagcte-cggccccataatgrcccacaca 

3307 + h . 4- 4- --+ 3366 

a KPKARSGSSSYSYGPMVSHT 

agtgtgaccaatgtcggcccccgtgtgggactcggcctgccccTicagcccccgcctactg 

33 67 4- 4— — + + + 4— 3426 

a. SVTNVGPRVGLGLPLSPRLL 

cccactgccaccaccaacggccaccctcagctgccrggccatgccaagccagggacccca 

3427 — — + + (- -4- 1- 4- ■ 34B6 

a PTArTNGHFQLPGHAKPGTF 

gccctggagaccctcgggacc&caccacctgccatggctgctcccaaggacgatgggttc 

3487 + 4- . — 4- 4- + — 3546 

a ALE-T1STTPPAMAAPKDDGF 

ctcaacggctcctgetcaggcetggacgaggaggcctctgggcctgagcggccacctgcc 

3547 h ** h + 4- 360 6 

a I N G S C 5 GLDEEASGFERPPA 

ctgctacaggaagagtgggagacagtcatgtgaccaggcgctgggggctcgacctgctga 

3607 f- — 4- — — «i ^ — 4- + 3666 

a LLQEEWETVM* 



